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Baggs,  Arthur  E., 
Marblehead,   Mass. 

Bailey,  Roy  J., 
Alfred,   N.  T. 

Bedson,  William, 

1176    Brunswick   Avenue, 

Trenton.    N.    J. 

Beecher,  Milton  F.,  Student  Iowa  State  College. 

Colonnades,   Sta.  A,  Ames,  Iowa, 

Bell,  M.  Llewellyn,  B.  Sc.  Carnegie    Steel    Company,    Braddock, 

519  Wallace  Ave.,  "Wilkinsburg.  Pa.         Pa. 

Chemist,  Laclede-Christy  Clay  Pro- 
ducts Company. 

Chief  Chem.  Engr.,  Laboratory,  Gen- 
eral Electric  Company's  Lynn 
Works. 

Chemist,  Union  Pacific  Ry.  Co. 

Secretary,      Tcrre      Haute      Vitrified 

Brick   Company. 
Treasurer,  Rloomfield  Clay  Company. 

Consulting  Ceramic   Engineer,   West- 

inghouse  Electric  Company. 
Chemist.  Norton  Company. 

.\sst.  Prof  Chemistry,  Worcester 
Polytechnic  Institute. 

Treasurer,  Trenton  Fireclay  &  Por- 
celain   Company. 


Berry,  Charles  W., 

2102  Clifton  Ave.,   St.   Louis.   Mo. 

Berry,  Edward  R., 

107  Cross  Street,  Maiden,   Mass. 


Blackburn,  J.  E.  Jr., 

Box   362.    Omaha,    Neb. 

Bl.\ir,  William  P., 
Terre  Haute,  Ind. 

Bloomfield,  Charles  A., 
Box  652,  Metuchen,  N.  J. 

BocH,  John  W., 

East  Liverpool,  Ohio. 

BoECK,  Percy  A., 
Worcester.   Mass. 

Bonnet.  Frederic  Jr..  Ph.  D.. 

173  Russell  St..  Worcester.  Mass. 

Bowman,  Robert  K., 
Trenton.   N.   J. 
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Bowman.  Willtam   J.  J..  C.  E.,  Trenton    Fireclay   and    Porcelain    Co. 

Trenton,    X.   J. 

Bragdon,  Wm.  v.,  B.  Sc,   (in  Cer.)  University  of  Cliicago. 
Chicago,  111. 

Britton,  Charles   P..  M.D.,  Treasurer.   Star    Porcelain   Company. 

126  W.   State   St..   Trenton.   N.   J. 

Brown,  Edmund,  Asst.    to    2nd   Vice    President.    Pitts- 

Charleroi,   Pa.  burgh  Plate  Glass  Co. 

Brown,  George  H.,  Cr.  E.,  Asst.    Ceramic    Chemist.    U.    S.    Geo- 

Fortieth  and  Butler  Sts.,  logical    Survey. 

Pittsburg,  Pa. 

Bruner,  Willard  Lynn.  Ceramic    Chemist.    Roessler   &    Hass- 

233  High  St..  Perth  Amboy.  >T.  J.  lacher  Chemical   Company. 

Bryan.   Merrill  L.,  Western  Terra  Cotta  Co. 

2103    N.    Seventh    St.. 

Kansas   City.   Kas. 

Buckles,  Winfred  Grant.  Treasurer,  Coffeyville  Vitrified  Brick 

710   Lincoln    St..    CofYeyville.    Kas.  &   Tile    Company. 

Burr,  Francis  T..  Mgr..   Richmond   Kaolin   Company. 

150   Nassau    St..    New   York   City. 

Butterworth,  Frank  W..  Gen.  Mgr.,  Western  Brick  Co. 

Danville,    111. 

Cable,  Davis  A.,  Supt.,  Paving  Brick  Plant  of  Besse- 

Bessemer,  Pa.  mer  Limestone  Co. 

Campbell,  Augustine  R.,  Terra   Cotta  Ceramist.     Sales   Agent 

135  Johnson  Ave.,  for  Clav  and  Sand. 

Tottenville,    S.    I..    N.   Y. 

Carder,   Frederic   R.,  Manager  and  Chemist,  Steuben  Glass 

Corning,  N.  Y.  Works. 

Cawood,  Richard  L.,  Mgr.,  Patterson  Foundry  &:  Machine 

East   Liverpool.    Ohio.  Company. 

Cermak.  Frank.  Foreman,    Porcelain   Works,   General 

116  4th  Ave..  Schenectady,  N.  Y.  Electric  Company. 

Chase,  March   F.,  B.  Sc,  General    Supt.,    Mineral    Point    Zinc 

Depue,  111.  Company. 

Cheney.  Merritt  B.. 
Mechanicsburg.   Ohio. 

Child,  T.  L  .  Hancock  Brick  &  Tile  Co. 

FMndlay,    Ohio. 

Chormann,  Otto  Irving,  Chemist.  The   Pfaudler  Company. 

Rochester.  N.  Y. 

Claflin.  Walter  N..  With  Edward  Orton,  Jr. 

1550   Neil    Ave.,    Columbus.    Ohio. 

Cl.\rk.  John,  Supt..  Xew  York  Architectural  Terra 

401    Vernon    Ave.,  Cotta    Co. 

Long   Island    City.    N.   Y. 

Clark,  Thomas  W..  E.  M.  (in  Cer.)  Supt.,    Hydraulic    Press    Brick    Com- 
Iron.spot,  Ohio.  pany. 

CoATES,  Charles   Edward,  .Supt.,  Lehigh  Fire  Brick  Works. 

Catasauqua,   Pa. 
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Cobb.  Robkrt  Weeks,  B.  Sc,  Ceramic  Chemist. 

K  and  First   Sts.,   Boston,  Mass. 

Corns,  Albert  W.,  Mgr.,  McNicoI  &  Smith  Company. 

Wellsville,   Ohio. 

Coulter,  Allen  S.,  Student     in      Ceramic     Engineering, 

106  Price  St.,   Columbus,   Ohio.  Ohio  State  University. 

Cowan,  Lou  A.,  Mgr.,   Decorating  Dept.,   Canon  =;burg 

Canonsburg-,   Pa.  Pottery. 

Cowan,  R.  Guy,  B.  Sc,  (in  Cer.)       Instructor    in     Ceramics    &     Design, 
Cleveland,  Ohio.  Cleveland  Technical  High  School. 

CovAN,  H.  E.,  Burner,     Laclede-Christy     Clay     Pro- 

St.   Louis,  Mo.  ducts   Company. 

Crook.  Charles  M.,  Gen'l      Mgr.,      Bessemer      Limestone 

Young-stown.    Ohio.  Company. 

Crossley.  George  Corliss,  General    Mgr.,    The    Claspka    Mining 

514  East  state  St.,  Trenton,   N.  J.  Company. 

Cunning,  Willis  E.,  Asst.  Mgr.,  West  End  Pottery. 

East  Liverpool,   Ohio. 

Defebaugh,  Edgar  IL.  Editor  &  Publisher  "Rock  Products." 

355   Dearborn    St.,    Chicago,   111. 

De  Joannis,  Harry,  Man.     Editor,     "Domestic     Engineer- 

810  Cone  Bldg.,   Chicago,  111.  ing. 

De  Rosay,  D.  Warren,  General    Mgr.,    Corry    Brick    &    Tile 

Corry,   Pa.  Company. 

Dobbins.  T.  Monroe,  Sec'y    and    Treas.,    Camden    Pottery 

Camden,   N.   J.  Company. 

Earle,  Wm.  p.  Jr.,  Cr.  E.,  Foreman    Mixing    Department,    Har- 

123  Lincoln  Road,  Brooklyn.  N.  Y.  lem    Contracting    Company,    New 

York   City. 

Easton,  H.  D.,  Kentucky  Geological  Survey. 

430  Transylvania  Park. 

Lexington,   Ky. 

Edgar,  David  Raymond,  Asst.  Gen.  Manager,  Edgar  Brothers 

Metuchen,  N.  J.  Company. 

Eleod,   Kende.  Technical    Director    Mueller    Mosaic 

Trenton,  N.  J.  Tile  Co. 

Ellerbeck.  Wm.  Leon,  D.  D.  S.,        Director,  Utah  Fire  Clay  Co. 
703   Boston   Bldg., 

Salt  Lake  City,  Utah. 

Ernest,  Thomas  Reuben,A.B.,M..A^., Assistant  in  Chemistry,  University  of 
605  E.  Springfield  Ave.,  Illinois. 

CHiampaign.   III. 

EsKESEN,  Bennet  K.,  Supt.,  N.  J.  Mosaic  Tile  Co. 

Matawan,  N.  J. 

EvATT.  Frank  G.,  District    Mgr.,    Atlantic   Terra    Cotla 

1114  Fulton  Bldg.,  Pittsburg.   Pa.  Company. 

Fackt,  George  PosTLE,E.M.Cin  Cer.")  Ceramic    Chemist.     St.     Louis    Terra 
4903   Washington    Ave..  Cotta  Company. 

St.    T^ouis.   Mo. 
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Falkenburg,  M.  J.,  Proprietor,     Falkenburg     &     Laucks, 

95  Yesler  Way,   Seattle,    Wash.  Assayers  and  Chemists. 

Farnham,  Dwight  T.,  A.  B.,  Supt.,    Dennj-Renton    Clay    &    Coal 

Seattle,   Washington.  Company. 

Ferguson,  Silas  M.  Sr.,  Vice  President  and  Gen'l  Mgr.,  East 

321  W.   4th   St.,  Liverpool  Potteries  Company. 
EJast  Liverpool,   Ohio. 

Fiddler,  Thomas  J., 
215  W.   Third  Ave., 

Monmouth,  III. 

Fisher,  Ben  S.,  Supt.,  Columbus  Brick  &  Terra  Cotta 

Union  Furnace,   Ohio.  Company. 

Fisher,  Douglas  J.,  Sayre  &  Fisher  Company. 
Sayreville,   N.   J. 

Ford,  G.  Bergex,  Ceramic    Chemist. 
Allentovvn,   N.  J. 

FoRST,  A.  D.,  B.  S.,  President,  Robertson  Art  Tile  Co. 
Trenton,    N.    J. 

Franzheim,  Charles  W.,  Chas.  W.  Franzheim  &  Son,  Ceramic 

Wheeling,  W.  Va.  Engineers. 

Eraser,  W.  B.,  Gen'l     Mgr.,     Eraser-Johnson     Brick 

Wilson   Bldg.,   Dallas,    Texas.  Company. 

Frerichs,  William  D.,  Atlantic  Terra  Cotta  Company. 
Tottenville,    S.   I.,   N.   T. 

Fulper^  W.  H.,  Secy,     and     Treas.,     Eulper     Pottery 

Flemington,  N.  J.  Company. 

Galloway,  William,  Manufacturer  of  Terra  Cotta. 
3215   Walnut    St..    Philadelphia,    Pa. 

Garrison,  Amos,  Foreman.  Utah  Fireclay  Company. 
124  Golts  Ave., 

Salt  Lake  City,  Utah. 

Garve,  T.  W.,  Chief    Draftsman,     Richardson-Love- 

1249    Dennison   Ave.,    Columbus.  O.         joy   Engineering   Co. 

Gates,  A.  W.,  Gen'l     Mgr.,     Monmouth     Mining    & 

Monmouth,  111.  Manufacturing   Company. 

Gates,  Major  E..  Supt.,  American  Terra  Cotta  &  Cer- 

Terra  Cotta,  111.                               .  amic  Company. 

Gates,  Neil  H.,  Secy,    and    Treas.,    American    Terra 

602  Chamber  of  Commerce.  Cotta  &   Ceramic   Company. 

Chicago,  111. 

Gates,  William  P.,  American    Terra    Cotta    &    Ceramic 

Terra  Cotta,  111.  Company. 

Gelstharp,  Frederick,  Chemist,   Pittsburgh   Plate  Glass   Co. 
Look   No.    4,    Pa. 

Godfrey,  Lydia  B.,  Student,  New  York  State  School  of 

Lake  Placid  Club,  Ceramics. 

Essex  County.  N.  Y.                                                                       ..-- 

GoLDiNG,  Charles  E.,  Mgr.,  Trenton   Departmerit  of  Gold- 
Rear  217   S.   Warren   St..  ing  Sons  Company. 
Trenton,   N.  J. 
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Good.  Ralph  E., 
Patton,   Pa. 

Goodwin,  Herbert, 
811  Avondale   St., 

East  Liverpool,   Oliio, 

GoRSLiNE.  William  H., 

242   Culver  Road,   Rochester,   N.  Y, 

Grady,  Robert  F., 
St.  Louis,  Mo. 

Graham,  W.  A.  P., 
New   Brighton,    Pa. 

Greener,  Geo.  Courtright,  E.  M., 
(in   Cer.) 
N.  Bennett  St..  Boston,  Mass. 


Supt.,  Geo.   S.   Good  Fire  Brick  Co. 


Gregori.   John   N., 
Chicago,  111. 

Gregory,  M.  E., 
Corning,  N.   Y. 

Griffin.  Carl  H., 
Worcester,    Mass. 

Grueby.  William  H., 
Boston,   Mass. 

GuASTAViNo,  Rafael,   Tr., 
The  Fuller  Bldg., 

949  Broadway,  New  York  City 

Hall,  Robert  T.. 

East  Liverpool.   Ohio. 

Hamilton,  James, 
Trenton,    N.   J. 

Hansen.  Abel. 
Fords,   N.   J. 

Hardy,  Isaac  Ernest, 
Momence,  111. 

Hare,  Robert  L., 

Fort  Worth,   Texas. 

Harker,  H.  N., 

East  Liverpool,   Ohio. 

Harper,  John  Lyall, 
Niagara  Falls,   N.   Y, 

Harris.  Charles  T., 

Flatiron  Bldg.,   New  York  City. 

Hasburg,  John  W., 

244  Lincoln  Ave.,  Chicago,  111. 

Hasslachek,  Jacob, 

100  William   St.,  New  York  City. 

Hastings,  Francis  N., 
Hartford,   Ct. 

Havilanp.   Pat'l  R., 

45  Barclay  St..   New  York   Cify. 


Secy,    and    Mgr.,    Rochester    Sewer 

Pipe  Company. 
Mgr.,  St.  Louis  Terra  Cotta  Co. 

Secy,  and  Treas.,  American  Porcelain 
Company. 

Instructor  in  North  Bennett  St.  In- 
dustrial School. 

Kiln    Burner,    North   Western    Terra 

Cotta  Co. 
Prop.,  Corning  Brick,  Terra  Cotta  & 

Tile  Company. 
Asst.  Supt.,  The  Norton  Company. 

Pres.,    Gen.     Mgr.,    Grueby    Faience 

Company. 
Pres.,   The  R.   Guastavino   Company. 


Secy,  and  Treas.,  Hall-Meakin  Clay 
Company. 

Sttpt.,  Ideal  Pottery  of  Trenton  Pot- 
teries  Company. 

Prop,  and  Mgr..  Fords  Terra  Cotta 
&  S.  Works. 

Supt.,  Tiffany  Enameled  Brick  Co. 

Cobh  Brick  Company. 

Gen.  Mgr.,  Harker  Pottery  Company. 

Chief  Engineer,  Niagara  Falls  Hy- 
draulic Power  &  Manufacturing 
Company. 

N.  Y.  Mgr.  Fiske  &  Co.,  Inc. 

Pres.,  John  W.  Hasburg  Company 
(Inc.). 

Pres..  The  Roessler  &  Hasslacher 
Chemical  Company. 

Hartford   Faience   Company. 
Haviland  &  Company. 
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Haynes,  Fraxk  R.,  Managing   Partner,  D.   F.   Haynes  & 

Baltimore,  Md.  Son. 

Henderson,  H.  B.,  B.  Sc,  Supt,  Pyrometric  Cone  Factory. 

1538  N.  High  St.,  Columbus,  Oliio. 

Herold,  John  J., 

Golden,   Colorado.  .;•  ■.  -.. 


HiGGiNs,  Aldus  C, 
Worcester,   Mass. 

HiNE,  Homer  H., 
Wellsville,   Ohio. 

Hipp,  Ralph  T., 

4600  S.  Kingshighway, 


Mgr.,  Electric  Furnace  Plant,  Norton 

Company. 
Supt.,  McLain  Fire  Brick  Company. 

Ceramist,    Laclede-Christy   Clay   Pro- 
ducts  Company. 


Hipp,  Wm.  G., 

Massillon,   Ohio. 

Hitch  INS,  E.  S., 
Olive  Hill,  Ky. 

Holland.  W.  W., 
1122  Madison  Ave. 

Hopler,  Thornton  M., 
Palo  Alto,  Calif. 

Hull,  W.  S.. 

Jackson,  Miss. 

Humphrey,  Dwight  Elmer, 
Cleveland.    Ohio. 

HuRSH,  Ralph  Kent, 

325   Fisk  St.,   Pittsburgh,   Pa. 

Jacqu.\rt.  Bernard. 
South   River,    N.   J. 

Jeppson.  George  N.. 

28*5    W.    Boyleston    St., 

Worcester,  Mass. 

JuNGE.  Willi  A  ^^  H., 
Glenview,   111. 

Justice,  Tthamar  M., 

3305  E.   Third   St.,   Dayton,   Ohio. 

Kanengeiser,  Fred.  R., 
Bessemer,  Pa. 

Keeler.  R.  B.. 

918  W.  Illinois  St.,  Urbana,  111. 

Kendrick,  J.  Lucius  S., 
Johnsonburg,  Pa. 

Kerr,  Charles  Henry, 
Southbridge,   Mass. 

Knote,  John  H.,  M.  Sc, 
Urbana,    111. 


St.  Louis,  Mo. 

Secy,  and  Gen.  Mgr.  Massillon  Stone 
and  Fire  Brick  Company. 

President,  Olive  Hill  Fire  Brick 
Company. 

Research    Asst.   in    Chemistry,   Johns 
Baltimore,  Md.        Hopkins  Chemical  Dept.' 

Student.  Leland  Stanford.  Jr.,  Uni- 
versity. 

Architect. 


Deckman-Duty  Brick  Company.  : 

Junior  Ceramic  Chemist.  U.  S.  Geol. 

Survey. 
Supt.,  American  Encaustic  Brick  and 

Tile   Company. 
Asst.  Supt.,  Norton  Company. 


Northwestern  Terra  Cotta  Company. 

Head  of   Engineering  Department, 
C.  W.  Raymond  Company. 

Gen.      Supt..      Bessemer      Limestone 
Company. 


Koch,    Charles    Frederick, 

2407  Highland  Ave..  Mt.  Auburn, 

Cincinnati,    Ohio. 


Supt.,    Johnsonburg    Vitrified    Brick 
Company. 

Research   Chemist,  American  Optical 
Company. 

Assistant  Professor  in  Ceramics,  Un- 
iversity of  Illinois. 

Cambridge  Tile  Mfg.  Company. 
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Koch.  Julius  J., 

3325  Caroline   St.,    St.   Louis,   Mo. 

Koch,  William  H., 

Wheeling  Ave.,   Zanesville,   Ohio. 


Krick,  Geo.  M.. 
Decatur,   Ind. 

Lambie,  James  M., 
Washington,  Pa. 

Landers,  William  Franklin, 
Indianapolis,   Ind. 

Landrum,  Robert  D., 
Liawrenoe,   Kansas. 

Lansing,  Charles  W., 

45  Plymouth  Court,   Chicago,   111. 

Lawshe,  C.  Perrin, 
Trenton,   N.  J. 

Layman  Frank  E.,  E.  M.,  (in  Cer.) 
The  Aberdeen,   Milwaukee,  Wis. 

Lewis.  Edwin  J., 

Chittenango,   N.   T. 

LiNDLEY,  Jacob. 
Tiltonville,  Ohio. 

Lindsay,  Robert  D., 
Denver,   Colorado. 

Lloyd.  Harry, 

New   Salisburj',   Ohio. 

Locke.  Frederick  M., 
Victor,  N.  Y. 

Locke.  Morton  Field, 
Lima,  N.  Y. 

Loutham.  Wm.  B., 

East   Liverpool,    Ohio. 

McBean,  Atholl, 
311    Crocker  Bldg., 

San  Francisco,   Cal 

McDougal.  Taine  G., 

165  E.   15th  Ave.,  Columbus,   Ohio 

McElroy,  Roy   Harden. 

1930  North  Main  St.,  Dayton,  Ohio 

MacFarland,  Warren  C, 
Gallatin,  Pa. 

McIntyre.  John  P., 
McKeesport,   Pa. 

MacMichael.  Paul  S.. 

P.  O.  Box  777.   Seattle,  Wash. 

McNicoL.  John  A., 

Bast  Liverpool,  Ohio. 

Maddison,  Ernest  A., 
2932    Howard    St., 

San  Francisco,   California 


Superintendent  Art   Pottery. 

Gen.  Mgr.,  Krick,  Tyndall  &  Com- 
pany. 

Vice  Pres.  and  Asst.  Gen.  Mgr., 
Findlay  Clay  Pot  Co. 

Supt.,  U.  S.  Encaustic  Tile  Works. 

Asst.  Prof,  of  Chemistry,  University 

of  Kansas. 
Editor  "Brick." 

Gen.  Mgr.,  Trent  Tile  Company. 

Chemist,    Cuttler-Hammer    Company. 


Riverside  Potteries  Company. 
Supt.,  Denver  Pressed  Brick  Co. 
Supt.  Colonial  Clay  &  Coal  Co. 
Manufacturer  Porcelain  Insulators. 
Manufacturer  Porcelain  Insulators. 
Mgr.,  Loutham  Supply  Co. 
Secy.  Gladding,  McBean  &  Co. 

Student  in  Ceramic  Engineering, 
Ohio  .State  University. 

Ceramic  Engineer.  The  C.  W.  Ray- 
mond   Company. 

Engineer,   Tempest  Brick   Co. 

Prop.,   McKeesport   Brick   Works. 
President,   Northern   Clay  Co. 

Treasurer,  D.  E.  McNicol  Pottery 
Company. 

With  Steiger  Terra  Cotta  and  Pot- 
tery Works,  South  San  Francisco. 
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Maddock,  Archibald  M., 
Trenton,   N.   J. 

Maddock,  John, 
Trenton,   N.   J. 

Malm,  Arthur  T.,  Cr.  E., 

18  Orme  St.,  Worcester,  Mass. 

Maltby,  Alfred,, 
Corning-,  N.  Y. 

Mandle,   L, 

"Wright   Bldg.,    St.  Louis,  Mo. 

Mandle,  Sidney, 

Wright   Bldg.,    St.    Louis,   Mo. 

Mandler.  Charles  J., 

2104  Franlvlin  Ave.,   Toledo,   Ohio. 

Manor,  Jno.  M., 

East   Liverpool,   Ohio. 

Mason,  Fortunatus  Q., 

East    Liverpool,    Ohio. 

Mayer,  Arthur  Ellis, 
Beaver   Falls,    Pa. 

Meakin,  Robert  J., 

East    Liverpool,    Ohio. 


Mellor.   F.    G., 
Trenton,  X.   J. 

Merry,  Carl  E., 
Streator,    111. 

Metzner.  Otto, 

1019  Windsor  St..  W.  H.. 

Cincinnati,  Ohio 

Middleton.  Jefferson, 

3412  13th    St.,  Washington,   D.   C. 

Miles.  James, 

1072    Penn    Ave..    East   End. 

East  Liverpool,  Ohio. 

INIiLLiGAN,  Frank  W., 
Flndlay,   Ohio. 

Montgomery.  E.  T.,  E.  M.  (in  Cer.) 
319  East  15th  Ave..  Columbus.  O. 

Moore.  Herbert  W., 
Tottenville,  N.  Y. 

MOREY,  D.  F.. 

Ottumwa,   Iowa. 

Morris,  Willia:m   C, 
St.  Louis,  Mo. 

Moses.  James. 
Trenton,   N.  J. 

Moulton,  D.  a., 
Ironton,   Ohio. 

MuNSHAw.  Lambert  M., 
North  Crystal  Lake,  Ills. 


Thomas  Maddock  &  Sons. 

John   Maddock  &   Sons. 

Ceramic  Engineer,  Norton  Co. 

Supt.,  Corning  Brick,  Terra  Cotta  & 
Tile  Co. 

Secy,  and  Treas.,  Mandle-Sant  Clay- 
Company. 

Asst.  Treas..  The  Mandle-Sant  Clay 
Company. 

Pres.,  The  Allen  Filter  Co. 

Mgr.,  The  Golding  Sons  Company. 

Color  Manufacturer. 

With   Mayer  Pottery  Company,  Ltd. 

Hall-Meakin    Clay  Co. 

Gen.  Mgr.,  Cook  Pottery  Company. 

Barr  Clay  Company. 

Supt.  of  Manufacture,  Rookwood 
Potter}^  Company. 

Statistician,  U.  S.  Geological  Survey. 


Pres.    and    Gen.    Mgr..    The    United 
States   Electric   Porcelain   Co. 


Atlantic  Terra  Cotta  Co. 

Mgr.,  Ottumwa   Press  Brick  &  Coal 

Company. 
Pres.,  Laclede-Christy  Clay  Products 

Company. 
Mercer  Pottery  Company. 


Ceramist.    American    Terra    Cotta    & 
Ceramic  Company. 
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Myers,  Ralph  E., 
Bloomfield,   N.   J. 

Ogan,  Mark, 

Clayton,  Wash. 

Ogden,   Lester, 

106  Price  St.,  Columbus,  Ohio. 
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Student,  New  York  State  School  of 
Clayworking  and   Ceramics. 
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Post,  Malcolm  P., 
Commerce,    Mo. 

Powell.  William  H., 
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Supt.,  N.  Clark  &  Sons. 

Importer  of  China  and  Earthenware. 


Chief  Ceramic  Chemist,  Atlantic 
Terra  Cotta  Company. 

Asst.  Supt.,  Ostrander  Fire  Brick 
Company. 

Mgr.,  Homer  Laughlin  China  Com- 
pany. 

Sales  Mgr.,  Kenihvorth  Tile  Co. 

Post  Bros.   Drain  Tile  Works. 
Pres.,  Atlantic  Terra  Cotta   Co. 
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Box  163,  Milltown,   N.   J. 

Ramsey.  Andrew, 
Mt.  Savage,  Md. 

Randall,  James  E., 
Indianapolis,   Ind. 


.Supt.,   New  Brunwick  Tile  Company 
Manufacturer   of   Enameled   Brick. 
Jimior    Editor,   "Clayworker." 
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Editor,   "Clayworker." 

Gen.  Mgr.,  C.  W.  Raymond  Co. 

Supt.,  Btiffalo  Pottery  Company. 

Asst.     Supt.,    Denny-Renton    Clay    & 

Coal   Company. 
Lewis  Puhlishine  Co. 


Ritter,  a.  G.  Van  Briggle, 
Colorado  Springs,  Colo. 

Rivers.  William  Edward, 
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4th  and  Park  Ave..  Newport,  Ky. 

RoDGERS,   Eben, 
Alton,   111. 

RoESSLER.  Franz, 
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Trenton,  N.  J. 
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515  Beck   Bldg..   Portland,   Oregon. 

Smith.  Harry  W.. 

314  Smith  St.,  East  Liverpool,  O. 


Pres.  and  Art  Director,  The  Van 
Briggle  Pottery  Company. 

Vice  Pres.,  Old  Bridge  Enameled 
Brick  Company. 

The  Peoples  Universitv,  University 
City. 


Secy,  and  Treas.,  Alton  Brick  Co. 

Asst.  Supt.,  Thornton  Fire  Brick  Co. 

Asst.  Supt.,  American  Encaustic  Til- 
ing Company. 

Student,  University  of  IHnois. 

L 

Clay  Salesman,  Miner  and  Broker. 
Clay  Salesman,  Miner  and  Broker. 

Supt.,  Porcelain  Dept.,  Nernst  Lamp 
Company. 

Enameler.  Grand  Rapids  Refrigera- 
tor Company. 

Mgr.,  Union  Pressed  Brick  Co. 

Gen.  Mgr.,  Star  Porcelain  Co. 

Chemist,  Gladding,  McBean  &  Co. 

Foreman,  Electric  Porcelain  Co. 

Pres.,  Western   Clay  Mfg.   Company. 

Representative,  Roessler  &  Hasslach- 
er  Chemical  Company. 
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Stolp,  Charles, 

Chicago  Heights,   111. 

Stowe,  Charles  Brown, 
Cleveland,   Ohio. 

Stuart,  Earl  Kellogg, 
Champaign,  111. 

Stull,  Ray  Thomas,  E.  M.  (in  Cer 
Urbana,  111. 

Takahasht,  Kakuichiro,  Cr.  E., 
Clarksburg,  "W.  Va. 

Taylor,  William  Watts, 
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Deerfleld,   Mass. 
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Monmouth,  HI. 
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VoLZ,  William  J., 
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Secy.,  A.  F.  Smith  Company. 


Supt.,    Pennsylvania    Pulverizing   Co. 

Gen.    Mgr.,    Western    Clay    Products 

Company, 
Assistant    Professor    Department    of 

Ceraimc  Engineering,  Ohio  State 

University. 
Supt.,  National  China  Company. 

Gen.  Mgr.,  Ohio  Silica  Company. 

Ceramic  Engineer,   Stolp   &  Weider- 

hold. 
Pres.,  National  Fire  Brick  Company. 

Student    in    Ceramics,    University    of 

Illinois. 
)Asst.    Professor    of    Ceramics,    Uni- 
versity  of   Illinois. 

Chemist,  Hazel  Atlas  Glass  Co. 

Pres.,  Rookwood  Pottery  Co. 
Deerfield   Pottery. 

Ceramic   Chemist   and   Head  Burner, 

Owen  China  Company. 
Pres.  and  Gen.  Mgr.,  The  R.  Thomas 

&  Sons  Company. 
Supt.,  Atlantic  Terra  Cotta  Company. 

Works  Mgr.,  Carborundum  Co. 

With  N.  L.  C.  Kachelmacher. 

Gen.  Mgr.,  Robertson  Art  Tile  Com- 
pany. 
Supt.,  Iroquois  China  Company. 

Supt.,    Monmouth    Mining    &    Mfg. 

Company. 
Gen.  Mgr.,  Vodrey  Pottery  Company. 

Supt.,   Evens   &   Howard   Fire   Brick 
Company. 
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Vice  Pres.  and  Treas.,  The  North- 
western Terra  Cotta  Company. 

Pres.,  Indianapolis  Terra  Cotta  Com- 
pany. 

Supt.,  Terra  Cotta  Department, 
Washington  Brick,  Lime  &  Mfg. 
Company. 

Supt.,  Washington  Brick,  Lime  & 
Sewer  Pipe  Co. 

Supt.,  Brick  Company. 

Chemist. 

Asst.    Supt.,    Chestnut    Ridge    White 
Y.        Brick  Company. 
Pres.,  Providential  Tile  Company. 

Chemist     with     Pacific     Face     Brick 

Company. 
Supt.,  O'Hara  Waltham  Dial  Co. 

Supt.,  Color  Dept.,  Roessler  &  Hass- 

lacher  Chemical  Company. 
Student,  University  of  Illinois. 
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Champaign,   111. 
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Worcester.  Wolsey   G., 
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Worth,  S.  Harry, 

706  Franklin  Bank  Bldg. 


Philadelphia,    Pa. 


Yates,  Alfred, 

Shawmut.   Elk  Co.,   Pa. 

Young,  George  F., 
Zanesville.  Ohio. 

Yowell,  John  Bennett, 
Urbana,  111. 

ZoPFi,  Albert  S., 
Toledo,    Ohio. 


Associate  Professor,  Geology  and 
Mining  Engineering,  low^  State 
College. 

Research  Assistant,  Department  of 
Ceramics,   University   of   Illinois. 

President,  Wirt  Mfg.  Company. 

Instructor  in  Ceramic  Engineering, 
Ohio   State   University. 

Pres.,  Pennsylvania  Feldspar  Com- 
pany. 

Gen.    Mgr.,    Shawmut    Paving    Brick 

Company. 
Mgr.,  Roseville  Pottery  Company. 

Student    in    Ceramics,   University   of 

Illinois. 
Secy,  and  Treas.,  Buckeye  Clay  Pot 

Company. 


ANNUAL  REPORT  OF  BOARD  OF  TRUSTEES. 


Pittsburgh,  Pa.,  February  7,  1910. 
To  the  Members  and  Associates  of  the  American  Ceramic  Society : 
'     We  take  pleasure  in  submitting  to  you  the  Twelfth  Annual  Report 
oi  the  Society,  covering  the  period  February  i,  1909  to  February  i,  1910. 

VOLUME  XL 

Volume  XI  makes  another  handsome  and  creditable  addition  to  the 
list  of  our  publications.  It  contains  z^4  pages  of  matter  relating  to  the 
business  or  administrative  side  of  our  work,  576  pages  of  text  on  40 
different  subjects  of  interest  in  the  Ceramic  world,  and  12  pages  of  index, 
the  latter  a  new  and  very  desirable  feature.  Such  mechanical  features  of 
Volume  X  as  were  new  to  our  publications  were  retained  in  Volume.  XI : 
viz.,  better. paper,  and  cloth  binding  for  a  part  of  the  issue.  Our  exper- 
ience has  shown  that  a  large  portion  of  the  members  are  willing  to  pay 
the.  added  cost  of  a  good  binding,  but  that  some  are  not,  and  in  deference 
to  this  situation,  the  policy  of  preparing  the  book  in  both  forms  will 
probably  become  a  fixed  one.  Our  bill-heads  for  dues,  etc.,  will  hereafter 
contain  appropriate  provision  to  cover  the  binding  item  for  those  who 
desire  it. 

In  the  matter  of  time  of  delivery  there  has  been  some  improvement, 
but  far  less  than  was  confidently  expected  by  the  Secretary  and  Editor. 
The  work  was  begun  promptly  after  the  meeting  this  -year  and  with  the 
intention  to  break  all  records.  The  matter  was  substantially  all  ready 
for  printing  by  the  middle  of  April,  and  a  contract  was  entered  into  with 
the  lowest  bidders,  who  also  promised  the  quickest  delivery.  The  printing 
company,  however,  failed  most  seriously  to  carry  out  their  obligations, 
and  consumed  eighteen  weeks  instead  of  the  twelve  they  were  e,x,pectecl  to 
use,  judging  by  the  amount  of  matter  set.  It  seemed  at  times  that  they 
were  indifferent  as  to  meeting  their  obligation. 

The  efforts  of  the  Secretary  and  Editor  to  get  the  volume  out  early 
were;  therefore,  largely  frustrated  by  a  cause  beyond  their  control,  and 
which  is  not  likely  to  ever  occur  again.  In  spite  of  this  unfortunate  affair, 
the  book  appeared  in  the  midde  of  August.  The  experience  of  this  year 
indicates  that  it  should  be  possible  to  get  Volume  XII  out  by  July  ist,  if 
no  unusual  delays  occur. 

The  Editor  profited  largely  by  the  experience  gained  in  Volume  X, 
and  gave  the  Society's  interests  his  whole  time  and  attention  for  some 
months,  and  only  took  up  other  matters  when  the  delay  of  the  printing 
company  left  him  with  insufficient  work  to  keep  busy.     Some  unfortunate 
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errors  in  proof  reading  crept  into  the  book,  and  have  been  set  right  as  far 
as  possible  by  an  errata  sheet  sent  out  subsequently.  But,  in  spite  of 
these  faults,  the  Board  considers  the  book  a  creditable  one,  and  thinks 
that  the  Editor  has  given  excellent  service. 

THE  FINANCIAL  STATEMENT. 

The  statement  following  is  a  balance  of  the  books  of  the  Society  for 
the  year  February  I,  1909,  to  February  i,  1910: 

Income. 

Brought  forzi'ard  from  preceding  year $252.11 

From  Dues  and  Initiation  Fees 

'295- associates    for   1909   at   $4.00,   plus    foreign 

exchange $1,180.18 

2  associates  for  1909  at  $3.50  (partly  prepaid 

1908)     7.00 

48  associates  initiation  fees  at  $3.00 240.00 

4  associates  dues  for   1910  at  $4.00   (paid  in 

advance)    16.00 

I  associate's  dues  for  1910  at  $5.00   (paid  in 

advance)    5.00 

SI  members  dues  for  1909  at  $5.00 255.00 

I  niember's  fees  for  1909  at  $3.00  (partly  paid 

1908)    3.00 

I  member's   dues   for   1910  at  $5.00   (paid  in 

advance)    5.00 

5 'members  initiation  fees  for  1909  at  $5.00. .  .        25.00 

12  associates    dues  for  1908  at  $4.00 48.00 

r  associate's  dues  for  1908  at  $3.00 3.00 

4  members  dues  for  1908  at  $5.00. 20.00      1,807.18 

Book   binding   fund 93-20 

From  Sale  of  Publications. 

Volume  I    16 

Volume  IT    iq 

Volume   1 T  T     15 

Voluni'.'  ]V    I  ; 

Volume  V    13 

Volume  VI    11 

Volume  VII    14 

Volume  VIII    15 

Volume  IX    15 

Volume  X 21 

Volume  XI    41  $631.09 
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Manual    8  6.73 

Branner  Bibliography    19  40.21 

Seger's  Collected  Writings,  Volume  1     6  45.00 

Seger's  Collected  Writings,  Volume  IT     6  45-00 


Total    Receipts    $2,920.52 

Disbursements. 

Cost  of  Publishing  Volume  XI. 

Stenographic  report,  balance  to  Mrs.   Kalb....  $297.55 

Stenographic  report,  Mr.  W.  R.  Lansing 25.00 

Illustrations,  drawings  and  engravings 128.31 

Printing,  binding  and  casing  Volume  XI 974-io 

Editor's   salary    600.00    $1,997.96 

Cost  of  Collected  Writings  of  Seger 63.72 

Cost  of  running  Secretary's  Office. 

Salary  of  Assistant  Secretary 300.00 

Postage,   stationary  and  supplies 130.00 

Express  on  Transactions    70.63 

Convention  circulars,  notices,  etc 28.26 

Telegram    0.32 

Insurance  on  Transactions   10.00 

Corporation  fees,  1908  and  1909 2.00 

Cost  of  binding  extra  sets  of  Volumes  I  to  IX 

to    order    23.10         564.74 

Outstanding  Accounts. 

Bad  account  charged  off 3.20 

For  dues  and   fees    1 13.00 

For  Transactions    70.44 

For  Branner   Bibliography    3.60 

For  Seger's  Collected  Writings 30.00         220.24 

Cash  on  Hand 12.20 

Cash  in   Bank    61.66 

Total    $2,920.52 

This  statement  shows  a  fairly  favorable  situation.  We  have  paid  our 
bills,  and  have  a  balance  on  hand.  We  have  increased  our  salaries  by 
$100.00,  and  as  explained  before,  have  paid  at  least  $100.00  too  much  for 
our  printing,  but  otherwise  the  year's  work  is  not  dissimilar  from  the  past. 

On  the  other  hand,  there  are  some  disquieting  features :  We  have  sold 
about  $450.00  less  of  our  literature,  we  have  made  no  substantial  headway 
in  disposing  of  the  Branner  Bibliography,  and  we  have  a  slight  increase 
in  the  amount  of  outstanding  accounts. 
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The  decline  in  the  sale  of  our  literature,  while  not  conducive  to  our 
growth,  is  still  not  an  unnatural  or  unexpected  event.  The  market  for  our 
material  is  of  course  limited,  and  we  have  already  begun  to  feel  this. 
Efforts  have  been  made  as  usual  to  sell  full  sets  to  all  newly  elected 
members,  and  also  we  have  continued  to  allow  book  sellers  a  20  per  cent 
discount,  in  the  hope  of  increasing  their  sales.  The  most  notable  fall  in 
the  sales  list  is  in  Seger's  Collected  Writings,  which  are  becoming  increas- 
ingly difficult  to  dispose  of,  year  by  year. 

The  outlook  for  the  ensuing  year  is,  nevertheless,  good.  We  may 
expect  that  the  receipts  from  dues  and  fees  will  increase  probably  more 
than  enough  to  offset  any  shrinkage  in  sales  that  is  likely  to  occur.  There 
are  no  increased  expenses  to  face,  and  there  is  one  notable  economy  in 
sight,  viz.,  the  cost  of  the  stenographic  report.  The  elimination  of  from 
$125.00  to  $150.00  of  travelling  expenses  from  this  item  will  more  than 
cover  the  increased  cost  of  using  two  separate  reporters  for  our  double 
session  plan.  There  seems  no  reason,  therefore,  why  a  gross  income  of 
$3,000.00  cannot  be  relied  upon  for  next  year.  With  this  amount,  the  work 
of  the  Society  can  go  forward  comfortably  on  the  present  basis,  but 
cannot  expand  into  any  new  fields. 

PUBLICATIONS. 

The  annual  inventory  of  the  publications  is  as  follows : 


Volume  I  ... 
Volume  II  . . 
Volume  III  . 
Volume  IV  . 
Volume  V  . . 
Volume  VI  . 
Volume  VII 
Volume  VIII 
Volume  IX  . 
Volume  X  . . 
Volume  XI    . 

Manual    

Branner   Bib. 


Remain's 

on    hand 

Feb.  1st, 

1909 


223 

211 
217 
187 

184 
187 
179 
1.52 
208 
O 

9 

859 


2771 


Received 
Since 


600 


600 


pisposed   of 
since   by     ] 
sale  or 
otherwise 


In  stock 
according 
to  books 


16 
19 

15 
15 
13 
II 

14 
15 
15 

395t 
9* 

19 


207 
192 
202 
172 
142 
173 
173 
164 
137 
167 
205 
0 
840 


In  stock 
by  actual 
inventory 


207 
192 
202 
172 
142 
173 
174 
164 
137 
167 
205 
0 

839 


597 


2774 


2774 


*  1  defective  copy  discarded.     8  sold. 

1 321  issued  to  members.   31  given  to    libraries    and   journals,    and    contri- 
butors who  were  not  members.     43   sold. 

**  1   copy  free   to   replace   1   lost   in  mails. 
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The  change  in  the  status  uf  the  pubHcations  i.->  lutt  marked.  We  have 
sold  our  last  copy  of  the  "Manual,"  and  in  consequence,  there  have  been 
a  few  extra  sales  of  Volume  II,  which  contains  tliis  useful  little  booklet 
as  an  appendix. 

There  are  eight  of  the  eleven  volumes  on  which  the  price  has  been 
increased  owing  to  the  number  of  remaining  copies  falling  below  200. 
The  other  three  volumes  will  be  marked  up  for  the  same  reason  in  the 
very  near  future.  A  revision  of  the  price  to  be  charged  for  the  volumes 
when  they  fall  below  100  copies  is  perhaps  needed,  in  the  interest  of 
keeping  up  our  revenue. 

The  books  are  still  stored  in  the  School  of  Klines  Building  of  the 
Ohio  State  University,  in  a  room  devoted  to  that  purpose  only,  and  are 
insured  in  the  sum  of  $2,000.00.  The  total  value  represented  by  them,  at 
the  rate  of  $3.00  per  volume  of  the  Transactions  and  $0.50  per  copy  of  the 
Branner  Bibliography,  is  $6,224.50. 

GROWTH  IN  MEMBERSHIP, 

The  year  has  been  a  good  one.     Our  rolls  stand  as  follows  : 

Brought  forxvard  February  isf.  1909. 

Honorary  members    2                2 

Full  members,   resident    47 

Full  members,  foreign    3              50 

Associates,  resident    225 

Associates,  foreign    26            251 

Total    303 

Accession  During  Year. 

By  election  to  full  membership,  resident     5 

By  election  to  full  membership,  foreign    o                5 

By  election  to  associate  membership,  resident    50 

By  election  to  associate  membership,  foreign     5              55 

Total    60 

Losses  During  Year. 

By  death    (Stanbery,  Carmichael,  Zimmerman)....  3  3 

By  resignation,  members    I 

By  resignation,  associates     8  9 

By  failure  to  pay  dues  and  fees 7  7 

By  promotion  to  full  membership 5  5 

Total    24 
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Present  Status. 

Honorary  members 2                2 

Full  members,  resident    51 

Full  members,  foreign    3              54 

Associate  members,  resident    251 

Associate  members,  foreign    33            284 

Total 340 

This  statement  sliows  that  the  Society  is  most  vigorously  alive  and 
growing,  and  that  the  exceptional  growth  of  1908  has  been  duplicated  in 
1909.  The  percentage  of  full  members  is  15.8  to  83.6  associates.  It 
would  be  desirable  to  increase  the  list  of  full  members  so  as  to  make  it  a 
larger  proportion  of  the  whole,  but  the  Board  feels  strongly  that  it  would 
be  a  mistake  to  do  so,  by  in  any  way  lowering  the  standards  which  have 
been  maintained  in  the  matter  for  years  past.  It  really  devolves  upon 
the  associates  to  win  tlieir  promotion.  They  have  the  knowledge  that 
the  Board  is  anxious  to  promote  all  who  will  show  themselves  able  and 
willing  to  meet  the  unwritten   requirements. 

THE  CLAY  PRODUCTS  LABORATORY. 

The  work  done  by  the  Society  in  assisting  in  the  foundation  of  the 
Clay  Products  Laboratory  of  the  Technologic  Branch  of  the  United 
States  Geological  Survey  is  well  known.  This  year  witnessed  our  still 
further  activity'  in  striving  to  keep  what  we  had  won  and  to  broaden  its 
scope.  Our  influence  in  the  fnrm  of  political  pressure  on  members  of 
Congress  was  undoubtedly  felt,  not  only  in  securing  the  appropriation 
necessary  to  continuation  uf  the  work,  but  also  in  seeing  that  the  Clay 
Products  division  was  fairly  treated  in  the  distribution  of  the  appropria- 
tion after  it  was  in  the  hands  of  the  Technologic  Branch. 

The  present  legislation  liefcre  Congress,  looking  to  the  establishment 
of  a  Bureau  of  Mines  under  the  Secretary  of  the  Interior,  and  the 
transfer  to  this  Bureau  of  all  of  the  activities  now  carried  on  b\'  the 
Technologic  Branch  of  the  Geological  Survey,  is  of  much  importance  to 
us.  The  appointment  of  a  committee  to  deal  with  this  matter  and  to 
direct  the  work  of  the  Society  into  useful  channels  in  behalf  of  this  plan 
was  made  by  President  Purdy  during  the  year,  to  begin  work  as  soon  as 
the  legislation  in  Congress  was  formally  introduced,  and  this  committee 
has  been  active  in  its  work.  The  advantages  sought  in  this  transfer  to  a 
permanent  Bureau  of  Mines  is  to  secure  permanence  or  continuity  of  work 
and  opportunity  to  plan  consecutive  studies  covering  a  term  of  years  which 
is  impossible  on  the  present  hand  to  inouth  system,  with  a  sense  of 
insecurit}^  overhanging  the  corps  of  investigators  all  the  time.  It  is  hoped 
that  this  year  will  see  this  important  step  carried  through  finally,  and  the 
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permanence  of  Ceramic  investigation  established  as  a  part  of  the  Govern- 
ment's work.  We  consider  that  the  work  planned  and  carried  out  so  far 
by  Director  Bleininger  and  his  corps  reflects  great  credit  on  their  industry, 
enthusiasm,  and  intelligence,  and  justifies  all  our  efforts  to  support  this 
Bureau. 

SUMMER  MEETING. 

The  summer  meeting  at  Kittanning,  Ford  City  and  Pittsburg  proved 
a  most  satisfactory  and  delightful  occasion.  The  opportunities  extended 
to  us  to  visit  interesting  plants  were  in  excess  of  our  time  to  accept  them, 
and  every  minute  was  filled  with  an  active,  pleasant  program.  The  choice 
of  Pittsburgh  for  this  winter's  meeting  by  the  National  Brick  Manufac- 
turers' Association  was  made  without  opportunity  for  conference  on  the 
part  of  our  Society,  and  would  not  have  been  our  choice  on  account  of 
the  summer's  session  having  been  at  this  point,  but  the  advantages  of 
meeting  at  this  same  city  seemed  too  great  to  justify  separating  on  this 
ground  alone. 

The  policy  of  appointing  the  committee  for  the  summer  meeting  six 
months  in  advance,  at  the  winter  meeting,  has  proved  its  value  on  the  first 
trial,  and  will  doubtless  be  made  a  regular  part  of  our  program  hereafter. 

CONTRIBUTING  MEMBERSHIP. 

The  plan  discussed  and  formulated  two  years  ago  has  not  yet  been 
put  into  operation.  The  employment  of  a  paid  Editor  for  the  last  two 
years  and  the  action  of  the  Society  one  year  ago  in  the  matter  of  an 
Assistant  Secretary  has  reduced  the  acuteness  of  the  need  of  more  funds 
than  we  can  secure  in  the  regular  way.  There  has  been  some  criticism 
of  the  legality  and  propriety  of  the  use  of  the  title  Assistant  Secretary 
for  a  person  who  is  not  a  member  of  the  Society.  It  is  probable  that  the 
title  Accountant  would  be  better  suited  to  describe  the  duties  of  the 
present  incumbent.  The  increase  in  wages  and  in  responsibility  has  cer- 
tainly worked  very  advantageously  during  the  past  year.  The  question 
of  the  title  is  of  less  importance,  and  is  open  to  adjustment  at  the  Society's 
pleasure. 

The  Secretar}'  has  recommended  that  no  change  in  the  mode  of  raising 
funds  be  tried  this  year,  in  order  that  a  strictly  normal  year's  income  and 
expenditure  may  be  compared,  and  in  this  the  Board  concurs. 

REVISING  THE  RULES. 

The  work  of  the  Society  has  proceeded  steadily  for  twelve  years 
past,  with  scarcely  any  modification  of  the  original  rules.  As  may  be 
imagined  under  these  circumstances,  the  practices  of  the  Society  in  many 
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ways  have  grown  beyond  the  rules,  although  in  some  matters  it  is  peri- 
lously close  to  being  contrary  to  them.  There  is  a  considerable  body  of 
precedent,  which  we  have  been  calling  the  "unwritten  law,"  etc.,  which 
might  better  be  incorporated  into  the  rules  and  thus  made  regular.  The 
Board  recommends  the  appointment  of  a  committee  of  five  to  revise  the 
rules,  and  that  their  report  shall  be  published  with  the  nominations  for 
officers  in  December,  iQio,  and  shall  be  submitted  to  letter  ballot  in 
January,  191 1,  and  that  the  passage  of  this  resolution  shall  constitute  the 
year's  notice  of  desire  to  amend,  now  required  by  the  rule  on  amendments. 
Respectfully    submitted. 

The  Board  of  Trustees 

By  Edward  Orton,  Jr., 

Secretaiy. 


TREASURER'S  REPORT  FOR  THE  YEAR  ENDING 
FEBRUARY  1,  1910. 


DEBITS. 


To  balance  from  last  report $252.11 

To  February  collections  348-52 

To  March  collections 552-75 

To  April  collections    273.50 

To  May  collections   218.31 

To  June  collections   205.51 

To  July  collections    I35-3I 

To  August   collections    128.68 

To  September  collections    145-95 

To  October  collections  97-17 

To  November  collections   188.21 

To  December  and  Januar}'  collections 141 -06    $2,687.58 

CREDITS. 

By  vouchers  attached   $2,625.92 

By  bank  balance  per  book  attached 61.66    $2,687.58 

Vouchers  attached  completing  last  year's  report 550.00 

Respectfully  submitted, 

Ellis  Love  joy, 

Treasurer. 


We,  the  undersigned,  have  examined  the  above  report  and  the  vouch- 
ers and  bank  book  submitted,  and  find  the  same  correct  in  all  respects. 

W.   T.   T.   Bowman, 
Stanley  Burt, 
Jos.  B.  Shaw, 

Auditing  Coiiiinittee. 
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RULES. 


OBJECTS. 

The  objects  of  the  American  Ceramic  Society  are  to  promote  the  arts 
and  sciences  connected  with  Ceramics  by  means  of  meetings  for  social 
intercourse,  for  the  reading  and  discussion  of  professional  papers,  and  for 
the  publication  of  professional  literature. 

MEMBERSHIP. 

The  Society  shall  consist  of  Honorary  Members,  Members  and 
Associates. 

Honorary  Members  shall  be  persons  of  acknowledged  professional 
eminence,  and  shall  not  exceed  five  in  number. 

Members  shall  be  persons  competent  to  fill  responsible  positions  in 
Ceramics  and  have  suitable  qualifications. 

Associates  shall  include  persons  interested  in  Ceramics  and  the  allied 
arts. 

Honorary  Members  shall  be  proposed  by  at  least  five  members,  ap- 
proved by  the  Board  of  Trustees,  and  receive  at  least  90  per  cent  of  the 
votes  cast  by  letter  ballot  at  the  annual  meeting. 

Members  and  Associates  shall  be  proposed  by  at  least  three  Members 
or  Associates,  approved  by  the  Board  of  Trustees,  and  receive  at  least  75 
per  cent  of  the  votes  cast  by  letter  ballot.  A  candidate  for  admission 
must  make  application  on  a  form  prepared  by  the  Board  of  Trustees  which 
shall  contain  a  written  statement  of  his  age,  professional  experience,  and 
that  he  will,  if  elected,  conform  to  the  laws,  rules,  and  requirements  of 
the  Society. 

All  Honorary  Members,  Members  and  Associates  shall  be  equally 
entitled  to  the  privileges  of  membership,  except  that  only  Members  shall 
be  entitled  to  hold  office  and  to  vote.  Applicants  for  a  change  in  grade 
of  membership  shall  conform  to  the  requirements  of  a  new  applicant. 

Any  person  can  be  stricken  from  the  membership  of  the  Society  on  the 
request  of  five  or  more  members,  on  the  recommendation  of  a  majority  of 
the  Board  of  Trustees,  if  he  fails  to  resign  on  the  advice  of  the  Board  of 
Trustees.  Such  person,  however,  shall  be  first  notified  of  the  charges 
against  him,  and  be  given  a  reasonable  time  to  appear  before  the  Board  of 
Trustees,  or  present  written  defense,  before  final  action  is  taken  by  the 
Board  of  Trustees. 

3.3 
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DUES. 

Honorary  jNIembers  sliall  l)e  exempt  from  all  dues. 

The  initiation  fee  of  Members  shall  be  ten  dollars,  and  of  Associates 
five  dollars,  which  if  not  paid  within  six  months  after  election,  will  render 
the  election  void. 

The  annual  dues  for  Members  shall  be  fixed  by  the  Board  of  Trustees, 
but  shall  not  exceed  five  dollars  per  year. 

The  annual  dues  for  Associates  will  be  fixed  by  the  Board  of  Trustees, 
but  shall  not  exceed  four  dollars  per  year. 

Any  Member  or  Associate  in  arrears  for  over  one  year  may  be  sus- 
pended from  membership  by  the  Board  of  Trustees  until  such  arrears 
are  paid. 

OFFICERS. 

The  affairs  of  the  Society  shall  be  managed  by  the  Board  of  Trustees, 
consisting  of  a  President,  Vice  President,  Secretary,  Treasurer,  and  three 
Trustees,  who  shall  be  elected  from  the  members  at  the  annual  meeting, 
and  hold  office  until  the  adjournment  of  the  meeting  at  which  their 
successors  are  elected. 

The  President,  Vice  President,  Secretary  and  Treasurer  shall  be 
elected  for  one  year,  and  the  Trustees  for  three  years ;  and  no  President, 
Vice  President,  or  Trustee  shall  be  eligible  for  immediate  re-election  to 
the  same  office. 

The  duties  of  all  officers  shall  be  such  as  usually  appertain  to  their 
offices,  or  may  be  delegated/to  them  by  the  Board  of  Trustees  or  the  So- 
ciety ;  and  the  Board  of  Trustees  may  at  its  discretion  require  bonds  to 
be  furnished  by  the  Treasurer. 

Vacancies  in  any  office  shall  be  filled  by  appointment  by  the  Board  of 
Trustees,  but  tlie  new  incumbent  shall  not  thereby  be  rendered  ineligible 
to  re-election  at  the  next  annual  meeting  to  the  sarhe  office.  On  the  failure 
of  any  officer  to  execute  his  duties  within  a' reasonable  time,  the  Board  of 
Trustees,  after  duly  warning, such  officer,  may  declare  the  office  vacant, 
and  appoint  a  new  incumbent.' 

A  majority  of  the  Board  of  Trustees  shall  constitute  a  quorum;  but 
the  Board  of  Trustees  shall  be  permitted  to  carry  on  such  business  as.it 
may  desire  br  letter.  ,  "   '  ,        ' 

ELECTIONS. 

:'■  '  'J\!t  the  annual  meeting,  a  nominating  committee  of  five  Members,  not 
officers  of  the  Society,  shall  be  appointed,  and  this  committee  shall  send  the 
names  of  the  nominees  to  the  Secretary  at  least  60  days  before  the  annual 
meeting,  who  shall  immediately  forward  the  same  to  the  Members.  Any 
other  five  members  may  also  present  the  name^  of  any  candidates  to  the 
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Secretar}',  provided  it  is  done  at  least  30  days  before  the  annual  meeting. 
The  names  of  all  candidates,  provided  their  assent  has  been  obtained,  shall 
be  placed  on  the  ballot  without  distinction  as  to  nomination  by  the  regular 
or  an  independent  nominating  committee,  which  shall  be  mailed  to  every 
member,  not  in  arrears,  at  least  20  days  before  the  annual  meeting.  The 
ballot  shall  be  enclosed  in  an  inner  blank  envelope,  and  the  outer  envelope 
shall  be  endorsed  by  the  voter,  and  mailed  to  the  Secretary  for  collection. 
The  blank  envelopes  shall  be  opened  by  three  Scrutineers  appointed  by  the 
Chair  at  the  annual  meeting,  who  will  report  the  results  of  the  election. 
A  plurality  of  the  votes  cast  shall  elect. 

MEETINGS. 

The  annual  meetings  shall  take  place  on  the  first  Monday  in  February, 
at  such  place  as  the  Board  of  Trustees  may  decide,  at  which  time  reports 
shall  be  made  by  the  Board  of  Trustees,  Treasurer,  and  Scrutineers  of 
election,  and  the  accoimts  of  the  Treasurer  audited  by  a  committee  of 
three  apopinted  by  the  Chair. 

Other  meetings  may  be  held  at  such  times  and  places  during  the  year 
as  the  Board  of  Trustees  may  decide,  but  at  least  20  days'  notice  shall  be 
given  of  such  meetings. 

Seven  members  shall  constitute  a  quorum  at  an\'  regular  meeting,  and 
a  majority  shall  rule  except  when  otherwise  specified. 

The  order  of  business  at  the  annual  meeting  shall  be : 

1.  Reading  of  Minutes  of  last  meeting. 

2.  Reports  of  the  Board  of  Trustees  and  Treasurer  of  the  Society. 

3.  Announcement  of  Election  of  Members. 

4.  Announcement  of  Election  of  Officers. 

5.  Appointment  of  Nominating  Committee. 

6.  Old  Business. 

7.  Xew  Business. 

8.  Reading  of  Papers. 

PUBLICATIONS. 

The  Board  of  Trustees  shall  act  as  a  Publication  Committee,  and 
decide  as  to  what  to  publish.  The  publications  of  the  Society  shall  be  sent 
I0  all  Members  and  Associates  not  in  arrears.  The  Secretary  will  furnish 
each  author  with  reprints  of  his  papers  at  cost  price,  provided  due  notice 
is  given  that  reprints  are  desired. 

The  Society  is  not,  as  a  body,  responsible  for  the  statements  or 
opinions  expressed  in  its  publications. 

PARLIAMENTARY  STANDARD. 

Roberts'  "Rules  of  Order"  shall  l)e  the  parliamentary  standard  on  all 
points  not  covered  bv  these  rules. 
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AMENDMENTS. 

These  rules  may  be  amended  at  any  regular  meeting  by  a  two-thirds 
vote  of  a  letter  ballot  at  the  subsequent  annual  meeting,  provided  a  written 
notice  of  such  proposed  change  is  sent  to  each  member  at  least  30  days 
before  said  annual  meeting.  Said  proposed  amendments  shall  be  printed 
on  the  ballot  for  officers  and  counted  by  the  same  Scrutineers. 


PUBLICATIONS. 


Price  to 
DESCRIPTION-  OF  VOLUME.                       Members. 

1 

Price  to 
Others. 

Vol.  I.         Transactions  for  1899,  110  pages, 

Bound  in  paper,                                       $1.00 
Bound  in  clotli,                                   1         1.75 

$4.00 
4.75 

Vol.  II.        Transactions  for  1900,  278  pages, 

Bound  in  paper,                                          3.00 
Bound  in  clotti,                                           3.75 

4.00 
4.75 

Vol.  III.       Transactions  for  1901,  238  pages,: 

Bound  in  paper,                                        3.00 
Bound  in  cloth,                                           3.75 

4.00 
4.75 

Vol.  IV.       Transactions  for  1902,  300  pages, 

Bound  in  paper,                                        3.00 
Bound  in  cloth,                                         3.75 

4.00 
4.75 

Vol.  V.        Transactions  for  1903,  420  pages,' 

Bound  in  paper,                                          3.50 
Bound  in  cloth,                                           4.25 

5.00 
5.75 

Vol.  VI.       Transactions  for  1904,  278  pages,' 

Bound  in  paper,                                          2.50 
Bound  in  cloth,                                           3.25 

4.00 
4.75 

Vol.  VII.     Transactions  for  1905,  454  pages. 

Bound  in  paper,                                          3.25 
Bound  in  cloth,                                           4.00 

4.50 
5.25 

Vol.  VIII.    Transactions  for  1906,  411  pages. 
Bound  in  paper. 
Bound  in  cloth. 

3.00 
3.75 

4.00 
4.75 

Vol.  IX.       Transactions  for  1907,  808  pages. 
Bound  in  paper. 
Bound  in  cloth. 

4.00 
4.75 

5.50 
6.25 

Vol.  X.        Transactions  for  1908,  582  pages. 
Bound  in  paper. 
Bound  in  cloth, 

3.75 
4.25 

5.00 
5.50 

Vol.  XI.       Transactions  for  1909,  632  pages, 
Bound  in  paper. 
Bound  in  cloth. 

4.50 
5.00 

6.00 
6.50 

Vol.  XII.     Transactions  for  1910,  {in prep.) 
Bound  in  paper. 
Bound  in  cloth, 

4.00 
4.50 

5.50 
6.00 

Cost  of  complete  set. 

Bound  in  paper. 
Bound  in  cloth, 

38.50 
46.75 

55.50 
63.75 
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DESCRIPTION    OF   VOLUME. 

Price  to 

Members. 

Price  to 
Others. 

The    Collected    Writings    of    Dr.    Hermann 
August  Seger,  Volume  I.     Contains   (A) 
Treatises  of  a  general  scientific  nature. 
(B)  Essays  relating  to  Brick  and  Terra 
Cotta,  Earthenware  and  Stoneware,  and 
Refractory  Wares.     Pages   552.     Bound 
in  cloth, 

7.50 

7.50 

The    Collected    Writings    of    Dr.    Hermann 
August  Seger,  Volume  II.  (B)  Essays  on 
White  Ware  and  Porcelain.  (C)  Travels, 
Letters  and  Polemics.  (D)  Uncompleted 
works,  and   extracts  from  the  archives 
of  the  Royal  Porcelain  Factory.     Pages 
605.     Bound  in  cloth. 

7.50 

7.50 

A   Bibliography    of   Clays   and   the   Ceramic 
Arts,  by  Dr.  John  C.  Branner,  1906,  451 
pages.     Bound  in  cloth.     Contains  6027 
titles  of  works  on  Ceramic  subjects. 

2.00 

2.00 

At  the  Cincinnati  meeting,  the  Board  of  Trustees  fixed  a  sliding  scale 
of  prices  to  apply  to  the  sale  of  volumes  of  the  Transactions,  when  the 
number  unsold  falls  below  200  copies.  As  the  copies  become  scarcer,  prices 
will  be  increased  to  both  members  and  others.  The  supply  of  all  of  the 
volumes  has  already  fallen  below  200  copies,  and  some  of  the  volumes 
will  probably  fall  below  the  100  mark  this  year.  Members  and  Associates 
who  do  not  yet  own  full  sets  are  advised  to  procure  them  at  once. 

At  the  same  meeting  the  following  resolution  was  adopted : 

Resolved,  that  the  custom  by  which  members  and  associates  may 
obtain  copies  of  the  Transactions  at  reduced  or  so-called  "members'  rates," 
is  intended  only  to  enable  each  person  to  obtain  one  complete  file  of  the 
transactions. 

The  necessity  for  this  resolution  arose  from  the  expressed  desire  of  a 
member  to  buy  a  copy  of  the  transactions,  with  the  intent  to  sell  it  to  a 
friend  for  whom  he  wished  to  save  the  additional  price  charged  to  non- 
members.  In  accordance  with  the  spirit  of  this  resolution  the  Secretary 
will  not  supply  more  than  one  copy  of  a  volume  to  a  member  at  reduced 
rate,  except  when  loss  or  destruction  of  a  volume  gives  good  cause  for  so 
doing. 

Every  member,  or  associate  receives  one  copy  of  the  Transactions  free 
for  each  year  for  which  he  pays  dues.  He  is  entitled  to  purchase  copies 
for  the  years  antedating  his  connection  with  the  Society  at  the  costs 
indicated  in  the  first  column.  All  others  can  obtain  copies  at  the  prices 
listed  in  tlie  second  column  by  sending  order.,  accompanied  with  check,  to 

Edward  Okton.  Jr.,  Secretary. 

Columbus,  Oliio. 
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C.  IRVING  ZIMMERMAN. 

Mr.  C.  Irving  Zimmerman  met  an  untimely  death  as  the  result  of  an 
accident  while  canoeing  on  Lake  Mendota,  at  Madison,  Wisconsin,  May 
29,  1909.  He  was  born  in  Milwaukee,  February  6,  1881.  He  spent 
five  years  in  the  University  of  Wisconsin,  taking  his  Bachelor  of  Science 
and  Electrical  Engineering  degrees.  Here  his  work  was  exceptional,  and 
he  took  a  great  deal  of  extra  work.  He  was  elected  to  membership  in  the 
honorar}'  engineering  fraternity  of  Tau  Beta  Pi.  His  thesis  on  the 
Aluminum  Electrolj^tic  Condenser  was  the  basis  for  several  papers  and 
further  work  in  that  line  later  which  attracted  a  great  deal  of  attention 
here  and  abroad.  He  was  graduated  in  1903.  His  first  work  outside  of 
the  University  was  as  an  apprentice  with  the  Westinghouse  Electric  & 
Alanufacturing  Company,  Pittsburgh,  where  h?  >pent  nearly  two  years. 
From  here  he  was  transferred  to  the  Nernst  J,ainp  Company,  where  he 
made  several  important  discoveries  and  improvements,  particularly  in 
glower  construction,  and  in  the  chemistry  of  the  glower.  He  was  next 
employed  by  the  Carborundum  Company,  of  Niagara  Falls,  as  metallur- 
gical engineer,  where  he  made  decided  advances  in  electric  furnace  work 
and  silicon  furnaces.  He  remained  here  three  years  when  he  decided  to 
go  back  to  the  University  of  Wisconsin,  to  carry  on  some  original  work 
where  he  could  have  at  his  disposal  laboratory  facilities  for  the  analyses 
of  raw  materials.  In  addition,  he  took  up  wireless  telegraphy  and  per- 
fected some  new  detectors  that  are  being  used  with  great  success. 

He  had  a  fine  analytical  mind,  was  able  to  balance  theory  and  practice 
in  a  remarkable  way.  He  was  an.  enthusiastic. instructor,  and  his  enthus- 
iasm was  infectious,  his  students  and  colleagues  having  for  him  the 
greatest  admiration  and  affection. 

He  was  a  member  of  the  American  Electrochemical  Society ;  The 
American  Institute  of  Electrical  Engineers ;  The  American  Chemical  So- 
ciety; The  American  Ceramic  Society;  The  American  Association  for 
the  Advancement  of  Science ;  and  the  British  Society  of  Chemical  Indus- 
try;  and  recently  he  was  elected  a  member  of  the  honorary  fraternity  of 
Sigma  Xi.  Among  the  more  important  papers  contributed  by  him  to 
technical  literature  were  the /"Aluminum  Electrolytic  Condenser,"  "Some 
Physical  Properties  of  Silicon,"  "Concentric  Tubular  Conductors  for 
Electric  Furnace  Feeders."  He  was  a  fine  fellow  with  a  clean  moral 
sense,  and  was  an  ardent  worker  for  high  scientific  development.  His 
place  will  be  hard  to  fill. 

■J) 
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GEORGE  A.  STANBERY. 

George  A.  Stanbcry,  general  superintendent  of  the  American  Encaus- 
tic Tiling  Company,  died  March  23,  1909. 

He  was  born  in  1847  in  Zanesville,  Ohio.  Growing  up  as  a  youth  in 
that  city,  he  was  apprenticed  at  the  age  of  16  to  the  machinist's  trade. 
His  training  was  interrupted  for  a  time  by  the  civil  war,  in  which  he 
participated  as  early  as  his  youth  would  permit  enlistment.  Returning 
from  the  war,  he  followed  his  trade  as  a  journeyman  machinist  in  the 
Brooks  Locomotive  Works,  at  Dunkirk,  N.  Y.  Here  his  mechanical 
ability  was  recognized,  and  he  was  sent  to  Vienna  by  the  government  in 
1870  in  connection  with  the  Exposition  held  there,  and  subsequently  was 
given  a  place  in  the  U.  S.  Arsenal  at  Philadelphia.  He  left  this  work  to 
become  the  mechanical  expert  for  a  knitting  machine  company  in  Norfolk, 
Va.,  where  he  made  a  number  of  valuable  inventions. 

His  connection  with  the  ceramic  industries  began  about  1877  when, 
returning  to  his  native  town,  and  finding  the  claj'  industries  beginning  to 
assume  importance,  he  interested  himself  in  a  roofing  tile  proposition. 
I'his  speedily  led  him  into  the  exacter  problem  of  making  flooring  tiles. 
Here  his  fine  mechanical  training  and  experience  with  both  ponderous 
and  delicate  machinery  and  his  undoubted  inventive  genius  immediately 
made  itself  felt.  He  invented  a  machine  for  manufacturing  tiles  by  the 
dry  press  process,  which  has  been  wonderfully  successful.  He  recognized 
at  once  the  principles  of  successful  expulsion  of  air  from  a  dry-press 
powder,  and  by  his  toothed  cam  gave  the  kneading  pressure,  which  solved 
at  once  the  problem  of  sound  dry-pressed  wares.  Subsequently,  his  skill 
was  applied  to  one  step  after  another  of  the  process  of  clay  preparation, 
manufacture,  sizing  tiles,  dipping  and  glazing,  etc. 

His  master  work  was  the  planning  and  execution  of  the  great  plant 
of  the  American  Encaustic  Tile  Works  Company,  the  largest  in  the  world 
of  its  kind,  and  a  model  of  factory  design  for  economy  of  production  and 
efficiency.  Over  this  great  works  he  presided  for  16  years,  as  the  ruling 
spirit  of  both  officers  and  men. 

Stanbery  was  a  man  of  genial,  kindly  temper,  generous  to  business 
competitors,  and  helpful  in  suggestions  to  those  who  came  to  him  for 
advice.  His  achievements  in  ceramics  were  naturally  along  the  mechanical 
side  of  the  subject,  as  his  early  training  gave  him  no  opportunity  to 
acquire  an  insight  into  the  chemical  side.  But  his  contributions  to  the 
industry  are  nevertheless  great  and  enduring,  and  in  connection  with  his 
lovable  personality  made  him  easily  among  the  first  men  of  the  American 
tiling  industry  of  his  day. 

Edward  Orton,  Jr. 


PAPERS  AND  DISCUSSIONS. 


ON  THE  DETERMINATION  OF  HYDRATED 
SILICIC  ACID  IN  CLAY. 

BY 

'  Forrest  K.  Pence,  Zanesville,  Ohio. 

The  presence  of  hydrated  silicic  acid  in  clays  is  said 
to  have  a  marked  influence  upon  their  drying  and  vitrifi- 
cation behavior. 

Wm,  H.  Zimmer^  explains  the  abnormal  shrinkage 
and  early  vitrification  of  certain  kaolins  by  the  presence 
of  hydrated  silicic  acid.  He  determines  this  silicic  acid 
by  treating  the  clay  with  caustic  soda.  But  practically 
any  clay  will  yield  a  notable  quantity  of  silica  when 
treated  with  this  powerful  reagent. 

E.  Orton,  Jr.,  in  unpublished  lectures,  quoting  mainly 
from  Zimmer,  points  out  that  the  presence  of  this  colloid 
produces  increased  drying  shrinkage  with  a  corresponding 
tendency  toward  cracking;  also  that  hydrated  silicic  acid 
in  a  clay  provides  silica  in  an  extremely  finely  divided 
form  during  vitrification.  This  silica  is,  therefore,  more 
easily  attacked  by  fluxes  and  promotes  vitrification  to  a 
greater  extent  than  does  an  equal  amount  of  finely  ground 
quartz.    Colloidal  silica  also  gives  increased  translucency. 

Because  of  the  importance  of  the  presence  of  colloidal 
silica  in  clay,  a  practical  method  for  its  quantitative  de- 
termination is  sought  in  this  investigation. 

In  the  Analyst  for  1903,  page  123,  is  given  an  abstract 
of  an  article  by  B.  Sjollema,  in  which  he  says: 

"Quartz  can  not  be  quantitatively  separated  from 
amorphous  silica  either  by  means  of  sodium  hydroxide  or 
by  sodium  carbonate  solution.  The  former  dissolves  a 
little  quartz  as  well  as  non-crystalline  silica,  and  with  the 

'  Trans.   Amer.    Cer.    Soc.    Vol.    III.    p.    25-4.5. 
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latter  it  is  difficult  to  bring  all  the  amorphous  silica  into 
solution.  It  follows,  therefore,  that  the  work  of  Von 
Piedzicki,  who  determined  the  proportion  of  free  silica  in 
soils  by  boiling  the  samples  for  an  hour  and  a  half  with 
10%  NaOH,  is  valueless. 

The  separation,  however,  may  be  effected  by  the  use 
of  solution  of  inethylamine,  or  preferably  diethj'lamine. 
A  33%  solution  of  diethylamine  dissolves  0.6  gram  of 
amorphous  silica  to  within  0.0002  gram  if  it  is  boiled  there- 
with for  about  8  hours,  and  a  16.5%  solution  of  methyla- 
mine  acts  similarly." 

In  the  above  article,  the  terms  referring  to  the  silica 
determined  are  used  rather  loosely,  but  it  is  inferred  from 
the  context  that  by  amorphous  silica  is  meant  the  same  as 
is  usually  called  colloidal  silica,  or  hydrated  silicic  acid. 

The  organic  solvents  mentioned  in  the  above  article 
are  too  expensive  for  use  in  practical  commercial  analysis. 

An  article  entitled  "The  Qualitative  Detection  of 
Colloidal  Silicic  Acid,"  by  Hugo  Herman,  appears  in  Zeit- 
schrift  fur  Analytische  Chemie,  Vol.  46,  pp.  318-320.  An 
abstract  of  the  same  appears  in  Chemical  Abstracts,  Vol. 
2,  No.  2,  p.  244. 

The  method  described  involves  the  boiling  of  the  sam- 
ple in  a  solution  of  sodium  paratungstate,  when  colloidal 
silica  is  taken  into  solution  as  sodium  silicotungstate 
(5Na20.Si02.12WOo).  The  caesium  salts  of  both  the 
above  acids  are  quite  insoluble.  Caesium  paratungstate, 
however,  is  soluble  in  an  acetic  acid  solution  of  sodium 
acetate,  while  caesium  silicotungstate  is  insoluble  in  such 
a  solution.  A  method  of  separation  is  thus  afforded.  To 
the  original  solution  containing  sodium  silicotungstate 
and  the  excess  of  sodium  paratungstate  is  added  a  quantity 
of  a  solution  of  acetic  acid  and  sodium  acetate  in  water 
(15  grams  crystalline  sodium  acetate  25cc  water,  5  grams 
of  98%  acetic  acid).  TTpon  the  addition  of  caesium  chlor- 
ide solution,  caesium  silicotungstate  alone  is  precipitated. 
The  article  states  that  further  work  will  be  done  to  deter- 
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mine  the  possibilities  of  the  method  for  the  quantitative 
determination  of  colloidal  silica. 

The  reagents  mentioned  in  the  article  are  quite  ex- 
pensive and  hence  impractical  for  ordinary  analytical 
work. 

In  Mead's  '^Examination  of  Portland  Cement,"  p.  119, 
the  follo^^1ng  method  is  given  : 

Boil  four  or  five  grams  of  clay  directly  with  strong 
sodium  carbonate  solution  in  a  platinum  dish.  Filter  and 
wash  with  hot  water  and  determine  SiOo  in  filtrate  in  the 
usual  manner. 

In  an  article  in  the  Transactions  of  the  American 
Ceramic  Society,  1901,  pp.  2545,  Dr.  Zimmer  describes 
a  method  in  which  he  treated  the  clay  with  caustic  soda 
and  determined  the  silica  dissolved.  He  corrected  for  the 
SiOo  taken  from  the  clay  by  deducting  from  the  first 
result,  the  SiOo  corresponding  to  the  alumina  also  taken 
into  solution. 

In  Comptes  Rendus,  Oct.  19,  1908,  pp.  G60-662,  Le- 
Chatelier  states  that  it  is  probable  that  the  properties  of 
gelatinous  silica  are  due  to  the  extremely  fine  state  of 
division,  and  that  definite  hydrates  of  silica  probably  do 
not  exist.  He  supports  this  hypothesis  by  arguments  re- 
garding chiefly  the  physical  properties  of  gelatinous  silica. 

Whether  or  not  definite  hydrates  of  silica  exist  does 
not  appear  as  yet  to  have  been  proven  by  physical-chemical 
methods.  It  is  understood,  however,  that  by  the  term 
"hydrated  silicic  acid"  is  meant  the  colloidal  forms  of 
silica  which  contain  various  amounts  of  water.  The  phy- 
sical form  is  well  known  even  though  its  chemical  structure 
has  not  been  conclusively  demonstrated. 

It  was  decided  to  investigate  the  use  of  sodium 
carbonate  in  determining  colloidal  silica,  and  also  whether 
a  slight  amount  of  sodium  hydroxide  in  addition  is  neces- 
sary or  permissible. 

To  this  end,  a  clay  was  prepared  which  should  be  free 
from  hvdrated  silicic  acirl,  and  to  a  sample  of  five  grams 
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of  this  clay,  a  kiiOAvn  quantity  of  SiOo  as  the  colloidal 
hydrate  Avas  added.  The  recovery  of  the  SiO^  was  then 
attempted  by  various  methods. 

Preparation  of  Hydrated  Silicic  Acid.  A  (inaiitity 
of  a  solution  was  prepared  as  follows:  One  part  of  com- 
mercial sodium  silicate  (water  glass)  to  five  parts  of 
water  was  acidified  with  one  part  of  strong  hydrochloric 
acid  to  five  parts  of  water.  The  resulting  solution  was 
practically  as  fluid  as  water,  and  no  gelatinous  silica  was 
precipitated  at  this  dilution. 

This  solution  was  then  placed  in  tubes  of  parchment 
paper,  known  as  dialysis  tubing.  The  tubes  were  then 
suspended  in  a  glass  cylinder  containing  pure  water,  and 
the  solution  allowed  to  dialyze.  The  water  in  the  cylinder 
was  poured  off  at  intervals  and  pure  water  added  until  by 
dialysis,  the  solution  within  the  tubes  Avas  free  from 
chlorides  and  contained  only  gelatinous  silica,  which  was 
noAV  in  the  form  of  a  rather  stiff  jell.  A  portion  of  this 
jell  was  tested  for  purity  with  hydrofluoric  acid,  and  gave 
no  residue.  About  two  weeks  were  required  for  the  dialy- 
sis treatment. 

The  gelatinous  silica  was  diluted  in  a  beaker  with 
about  three  times  its  volume  of  water,  and  placed  on  a 
steam  hot  plate  and  allowed  to  digest  until  a  fairly  homo- 
geneous solution  was  obtained.  This  was  filtered  through 
common  filter  paper  by  suction  in  order  to  exclude  any 
hardened  particles  that  liad  not  gone  into  solution. 

In  this  way  a  homogeneous,  slightly  opalescent  solu- 
tion was  obtained.  It  had  practically  the  same  fluidity  as 
water.  Twenty-five  cubic  centimeters  of  this  solution  were 
found  to  contain  0.1765  gram  of  SiO.,. 

At  the  close  of  this  inA-estigation,  the  solution  Avas 
examined  under  a  polarizing  microscope  by  0.  H.  Kerr, 
and  showed  no  evidence  of  crystallization  or  non-homo- 
geneity. A  portion  evaporated  to  dryness  at  45°  centigrade 
also  shoAA-ed  no  evidence  of  crystallization.  A  portion  of 
the  solution  evaporated  to  dryness  at  lOO^C  and   main- 


DETERMINATIOX  OF  HYDRATED  SILICIC  ACID  IX  CLAY.  ^7 

tained  at  this  temperature  for  some  hours  still  contained 
7.2%  of  water. 

The  solution  described  above  afforded  a  convenient 
means  for  the  addition  of  a  known  amount  of  SiOo  as 
liydratcd  silicic  acid,  to  a  clay  sample. 

Preparation  of  the  Clay.  The  clay  used  was  a  crude 
kaolin  from  the  Harris  mines  at  Dillsboro,  N.  C,  which 
contained  considerable  free  quartz  and  mica.  This  was 
ground  to  a  fine  powder,  and  the  samples  used  were  treated 
as  follows: 

A  sample  of  5  gram.s  of  kaolin  was  boiled  30  minutes 
with  300  cubic  centimeters  of  a  20%  sodium  hydroxide 
solution.  The  kaolin  was  allowed  to  settle  and  the  super- 
natant liquid  poured  off.  The  kaolin  was  then  washed 
with  hot  water  until  washings  were  neutral  to  litmus 
paper.  The  sample  was  then  dried  on  the  steam  plate, 
and  to  it  were  added  25cc  of  the  standard  SiOo  solution. 
This  was  evaporated  to  dryness  at  or  near  45°  C. 

In  this  way  the  dried  colloidal  silica  was  deposited  as 
a  surface  film  upon  the  grains  of  clay  in  much  the  same 
way  as  it  would  probably  be  deposited  iu  nature.  The 
treatment  of  the  clay  with  the  20%  NaOH  solution  would 
remove  any  hydrated  silicic  acid  originally  in  the  clay.  We 
have  then,  finally,  a  sample  of  clay  containing  0.1765  gram 
of  SiOo  as  hydrated  silicic  acid,  and  the  problem  is  to  find 
a  quantitative  method  for  recovering  it. 

Quantitative  Determinations.  (1)  To  a  sample 
prepared  as  described  above,  200  cc  of  5%  sodium  carbo- 
nate solution  were  added,  and  the  whole  digested  in  a 
])orcelain  casserole  on  a  water  bath  for  twenty  minutes. 
The  solution  was  filtered  through  hardened  filter  paper 
into  a  porcelain  casserole  and  the  clay  washed  with  hot 
59r  NaoCOo  solution.  The  SiO.  in  the  filtrate  was  deter- 
mined in  the  usual  way,  by  acidifying  with  hydrochloric 
acid  and  evaporating  to  dryness.  Two  evaporations  were 
made,  and  the  SiOo  obtained  was  corrected  by  use  of 
livrlrolluoric  acid. 
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Ill  this  and  siibseciueiit  determiiiatioiis,  all  digestions, 
boilings  and  evaporations  were  carried  on  in  six-inch 
porcelain  casseroles.  Baker's  sodium  carbonate  was  used. 
No  trouble  from  clay  passing  the  filter  paper  was  exper- 
ienced when  hardened  filter  papers  were  used. 

SiOo  recovered   0 ,  1310  gram 

SiOo  unrecovered   0.0455  gram 

(2)  Method  same  as  in  (1)  except  that  the  sample 
was  digested  with  10%  sodium  carbonate  solution. 

SiOo  recovered   0 .  1456  gram 

SiOs  unrecovered    0.0309  gram 

(3)  To  the  sample  in  a  casserole,  120  cc  of  5% 
sodium  carbonate  solution  were  added.  A  watch  glass  was 
placed  over  the  casserole  and  the  solution  boiled  for  ten 
minutes  over  a  free  bunsen  flame,  the  casserole  l^eing  given 
a  slight  rotary  motion  to  prevent  bumping.  The  watch 
glass  and  sides  of  the  casserole  were  then  rinsed  down  with 
hot  water  and  the  clay  alloAved  a  short  time  to  settle.  The 
solution  was  then  decanted  through  a  hardened  filter 
paper.  A  second  treatment  was  then  given,  repeating  the 
process  above  described.  The  treatment  was  then  repeated 
for  the  third  time,  and  the  clay  transferred  to  the  filter 
paper  and  washed  with  hot  dilute  sodium  carbonate.  The 
SiOo  in  the  combined  filtrates  was  then  determined  by  the 
usual  method. 

vSiOo  recovered   0.1767  gram 

Si  Go  excess    0 .  0002  gram 

(4)  Method  same  as  in  (3)  except  that  a  solution 
containing  5%  sodium  carbonate  and  1%  sodium  hy- 
droxide was  used  in  the  boiling  treatments. 

SiO.  recovered    0 .22S7  gram 

SiOo  excess    0 .  0522  gram 

SiOo  excess  =  1.049r  of  a  5  grains  sample. 

(5)  The  sample  consisted  of  tlie  prepared  clay  alone. 
No  silicic  acid   was  ndded   to  it.     In   tliis  wav  tlie  SiO., 
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obtained  from  the  clay,  ware,  and  reagents  is  determined. 

Tlie  method  used  was  that  described  in   (3),  using  5% 

NasCOg  solution. 

SiOo  obtained   0 .  0148  gram 

SiO^,  obtained  =  0.30%  of  a  5  grams  sample. 

(6)  Sample  used  was  identical  with  that  used  in  (5) . 
The  method  was  the  same  as  that  in  (4). 

SiOg  obtained    0 .  0711  gram 

SiO^,  obtained  =  1.42%  of  a  5  grams  sample. 

(7)  No  sample  of  clay  nor  silicic  acid  was  used. 
Method  was  that  given  in  (5).  The  determination  is  a 
blank  on  the  ware  and  the  reagents. 

SiOa  obtained    0 .  0084  grain 

SiOo  obtained  =  0.17%  of  a  5  grams  sample. 

(8)  Five  grams  of  flint  fire  clay  were  treated  in  the 
same  Avay  as  was  the  kaolin  prepared  for  the  above  sam- 
ples. To  the  clay  thus  prepared,  25  cc  of  the  SiOg  solution 
were  added  and  ev^aporated  to  dryness  at  or  near  45°  C. 
SiOs  was  recovered  by  method  described  in  (3). 

SiOs  recovered    0 .  1828  gram 

SiOs  excess    0 .  0063  gram 

SiOo  excess  =  0.13%;  of  a  5  grams  sample. 

The  residue  remaining  from  the  treatment  of  the 
ignited  SiOg  ^\ith  hydrofluoric  acid  was  so  small  as  to  be 
negligible  in  all  determinations. 

Conclusions.  It  is  seen  from  determinations  (4)  and 
(6)  that  even  a  small  amount  of  sodium  hydroxide  used 
with  sodium  carbonate  in  the  method  described  causes 
considerable  error.  A  notable  amount  of  SiOo  that  is  not 
present  in  colloidal  form  is  brought  into  solution. 

The  use  of  sodium  carbonate  as  described  in  (3)  gives 
fairly  accurate  results  as  shown  in  (3)  and  (8).  When 
colloidal  silica  is  present  in  amounts  of  1%  to  3%,  or 
greater,  the  errors  tend  to  balance  each  other. 

In  case  a  determination  shows  such  SiO^  to  be  present 
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ill  amounts  of  iyo-  or  greater,  a  smaller  samx)le  should  be 
used  and  the  determination  repeated. 

The  method  is  not  sufticiently  delicate  to  detect  0.1% 
to  0.2%  of  SiOg  in  colloidal  form  in  a  clay,  since  this 
amount  could  easily  be  obtained  from  the  ware  and  clay 
alone.  Platinum  vessels  should  be  used,  if  possible,  espec- 
ially in  determining  small  amounts  of  colloidal  SiO^. 

The  method  described  in  (3)  should  be  sufflcieutly 
accurate  for  practical  determinations,  in  which  is  sought 
an  explanation  of  the  peculiar  physical  properties  of 
certain  clays. 

An  extended  research  would  be  necessary  to  determine 
the  possible  errors  involved  in  the  method,  the  extent  to 
which  minerals  common  to  clays  are  attacked  by  sodium 
carbonate  solution.  The  use  of  a  clay  containing  free 
quartz,  mica,  etc.,  was  taken  to  demonstrate  this  to  the 
extent  possible  in  a  limited  investigation. 

The  method  should  be  tried  on  extremely  fine  powders 
of  (piartz,  mica,  feldspar,  etc.,  to  determine  to  what  extent 
silica  will  be  taken  into  solution  from  these  minerals  when 
they  are  present  in  very  finel}^  divided  form.  If  in  these 
determinations,  the  solution  of  silica  does  not  give  rise  to 
serious  error,  the  accuracy  of  the  method  for  practical 
purposes  would  seem  to  be  established. 

The  method  descril)ed  in  determination  (3)  was  used 
in  the  folloA\'ing: 

I— Flint  Fire  Clay.  This  day  was  selected  for  the 
following  reasons: 

It  has  peculiar  physical  properties,  as  conchoidal 
fracture  and  lack  of  plasticity. 

In  chemical  composition  it  almost  corresponds  to  pure 
kaolinite. 

It  often  occurs  in  juxtaposition  with  fire  clays  of  good 
plasticity  and  high  silica  content.  The  origin  of  flint  fire 
clay  remains  as  yet  inexplicable. 

Sample    5.0000  grams 

Si(\  obtained    0.28% 
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The  result  gives  no  Diore  tSiOg  than  would  probably  be 
obtained  from  attack  of  the  clay  and  the  ware  as  shown  by 
rlie  previous  blank  determinations.  We  conclude  that  this 
sample  of  flint  tire  clay  is  practically  free  from  hydrated 
silicic  acid. 

II — A  Stratified  Kaolin.  This  kaolin,  from  Trinity, 
Walker  County,  Texas,  gave  erratic  results  in  the  determi- 
nation of  colloids  as  devised  by  H.  Ashley.  It  vitrifies  at 
about  cone  2  to  a  hard  translucent  body.  The  kaolin  con- 
tains about  5%  of  alkalies  (  K2O  pl^^s  NaoO). 

Sample    5.0000  grams 

SiO^  obtained    2 . 20% 

III — A  Red-Burning-  Clay.  This  clay,  from  Fort 
Pierre,  N.  D.,  is  very  plastic,  having  a  peculiar  stickiness. 
It  is  practically  impossible  to  dry  the  clay  without  its 
cracking.  The  cracking  was  greatly  reduced  by  heating  the 
clay  dry  at  250°  C  for  one  hour  before  tempering  and 
molding.  This  did  not  entirely  overcome  the  cracking, 
which  took  place  even  with  slow  and  careful  drying.  When 
fired  at  cones  1  to  3,  the  clay  gives  a  total  shrinkage  of 
22%. 

Sample    5 .  0000  grams 

SiOo  obtained 4.48% 

As  this  was  more  SiO.  in  colloidal  form  than  had  been 
recovered  in  estal)lisliing  the  process  of  analysis,  the  deter- 
mination was  made  on  a  smaller  sample. 

Sample    2 .  5000  grams 

SiOo  obtained   5.56% 

This  latter  figure  is  probably  a  little  high,  due  to  the 
greater  relative  error  produced  by  SiOo  as  obtained  in  the 
blank  on  the  ware,  etc. 

It  is  shown  that  the  sample  contains  a  notable  quan- 
tity of  colloidal  silica,  a  fact  which  offers  explanation  of 
its  physical  properties. 

The  major  purpose  of  this  investiuation  is  the  determi- 
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nation  of  liydrated  silicic  acid  in  clays.     As  a  matter  of 
interest,  an  experiment  Avas  made  which  would  indicate 
the  effect  of  liydrated  silicic  acid  in  a  white  ware  body. 
Bodies  were  prepared  from  the  following  materials : 


Clay  Mixture 


'  English  China  Clay  No.  7 25 

Harris  Dillsboro  China 25 

Georgia  Washed  Kaolin 25 

English  Ball  No.  12 25 


Golding's  Flint. 
Golding's  Spar. 

Bodies  were  made  as  follows: 

r  Clay  Mixture   50 

Body  I  J    Flint    40 

[  Spar   10 

r  Clay  INlixture   50 

Body  III  Flint    25 

[  Spar   25 

To  the  prepared  Ixxlies  were  added  amounts  of  SiOs, 
as  indicated  in  table  of  results,  as  gelatinous  silica  pre- 
pared pure  by  dialysis. 

The  tests  were  tempered  to  as  nearly  the  same  con- 
sistency as  was  possible,  and  molded  into  test  bars  2.5 
centimeters  X  2.5  centimeters  X  H  centimeters  long.  AH 
test  bars  dried  easily  and  without  cracking.  They  were 
fired  together  to  cone  8. 

Absorptions  were  determined  by  l)oiling  in  water  for 
one  hour,  followed  by  soakinij  for  twenty-four  hours. 
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SiO,  added   as'       a>,c^..  +•„„ 
-^    ,     ^          1      Absorption 
Hydrate 

Shrinkage 
Drying 

Shrinkage 
Firing 

Body 

I 

0.0 
0.5 
1.0 
2.0 

3.10 
4.35 
5.03 

7.70 

Not  det. 
4.50 
6.00 
6.25 

Not  det. 
7.90 
7.50 
7.25 

0.0 

Body       1          1.0 

II                    2.0 

0.11 
0.05 
0.18 

4.5 
6.0 
7.0 

9.25 
9.00 
9.50 

All  the  above  results  are  <>iveu  in  per  cents. 

Results  from  Body  I  are  consistent  and  more  reliable 
than  those  from  Body  II,  since  vitrification  in  the  latter 
has  progressed  so  far  that  slight  differences  are  accidental. 

The  results  show  decreased  vitrification  with  increased 
colloidal  silica,  acting  much  the  same  as  would  a  similar 
increase  in  flint. 

The  increased  di-yinu  shi-inlcjige  is  sucli  as  wouM  be 
expected. 

Tlie  evidence  concerning  the  effect  of  hydrated  silicic 
acid  upon  vitrification  is  contrary  to  conclusions  drawn  by 
Dr.  Zimmer.  The  method  of  preparing  and  adding  the 
hydrated  silicic  acid  to  the  prepared  body  as  described  in 
this  experiment  should  give  more  reliable  results  than 
could  be  obtained  by  Dr.  Zimmer's  methods,  especially  the 
one  which  supported  his  conclusion  that  hydrated  silicic 
acid  produces  a  lowering  of  the  temperature  at  which  vitri- 
fication occurs. 

I  wish  to  acknowledge  my  obligation  to  Prof.  Edward 
Orton,  Jr.,  for  helpful  suggestions  received  during  the 
course  of  this  investigation. 


THE  MANUFACTURE  OF  CRUCIBLES,  SCORIFIERS 
AND  MUFFLES. 

BY 

A.  F.  Greaves-Walker,  Salt  Lake  City,  Utah. 

In  this  paper  the  writer  hopes  to  set  forth  a  brief 
outline  of  one  of  the  most  interesting  branches  of  tlie 
Ceramic  industry. 

There  are  but  six  plants  in  tlie  United  States  luanu- 
facturing  assay  goods  from  clay,  and  three  manufacturing- 
crucibles  and  muffles  from  a  mixture  of  graphite  and  chiy. 

The  manufacture  of  this  kind  of  ware  is  in  itself  a 
very  simple  proposition,  but  it  carries  with  it  problems 
that  can  only  be  solved  by  a  very  close  study  of  conditions 
under  which  the  ware  is  used. 

For  instance,  in  making  a  crucible  or  scorifier  mix,  a 
thorough  knowledge  of  the  action  of  almost  every  known 
combination  of  fluxes,  metals  and  metallic  oxides  on  a 
silicate  of  alumina  is  necessary.  Copper  ores  (usually  sul- 
phides) when  in  the  fluid  state  are  very  active  when  in  con- 
tact with  a  body  high  in  alumina,  yet  very  much  less  active 
in  contact  with  a  high  silica  body.  On  the  other  hand,  lead 
ores  will  hardly  intrude  in  a  crucible  body  high  in  AloO.,, 
but  will  eat  through  a  high  silica  body  in  a  very  short  time. 
Nearly  all  ores  contain  either  one  or  the  other  of  these 
metals  or  a  combination  of  the  two.  So  in  the  first  place  a 
body  must  be  made  which  will  successfully  stand  off  in- 
trusion of  both  of  these  metals  and  any  other  metal  or  com- 
bination of  metals  or  fluxes  that  may  come  in  contact  with 
it. 

The  above  are  some  of  the  clieniical  consirlcrntions. 
The  physical  considerations  also  present  difficult  prob- 
lems. A  crucible  body  must  be  of  such  porosity  as  to  per- 
mit its  being  plunged  from  the  temperature  of  the  aii-  info 
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a  white-hot  muffle  having  a  temperature  of  2000°  F.,  and 
at  the  same  time  of  such  density  as  to  prevent  such  thin 
fluid  fluxes  as  borax  glass  and  potash  or  fluid  lead  from 
intruding  in  the  slightest  degree.  This  latter  problem  is 
one  of  the  hardest  presented,  as  the  crucibles  are  sometimes 
exj^osed  to  high  heats  for  long  periods.  After  being  ex- 
posed to  the  high  heat  on  the  outside  and  the  fluid  flux  and 
metal  on  the  inside,  the  thin  walled  crucible  must  retain 
its  shape  and  rigidity  so  that  it  can  be  picked  up  with  the 
tongs  and  withdrawn  from  the  muffle  or  furnace  without 
crushing  or  disintegrating. 

The  many  different  methods  used  by  assayers  and  the 
\ast  difference  in  the  composition  of  ores  and  fluxes  must 
also  receive  consideration.  In  parts  of  Nevada  muffles  are 
not  used,  the  crucible  being  held  by  a  supjDort  and  the 
flame  of  a  gasoline  blast  lamp  thrown  on  one  side.  This, 
of  course,  causes  an  intense  heat  on  the  side  exposed  to  the 
blast  while  the  other  side  remains  comparatively  cool.  A 
harder  condition  than  this  can  hardly  be  found,  and  very 
few  crucibles  will  stand  this  sort  of  treatment.  Add  to  this 
the  fact  that  some  assayers  expect  to  use  a  crucible  for  at 
least  six  charges  and  an  even  harder  condition  has  to  be 
met. 

Some  assayers  use  only  a  coke  fire,  burying  the  cruci- 
bles in  the  red  coals  of  a  pot  furnace.  With  the  softening 
influence  of  the  charge  inside  and  tlie  presence  of  the  fuel 
outside,  there  is  a  great  tendency  on  tlie  part  of  the  cru- 
cible to  squeeze  flat,  resulting  in  the  loss  of  the  charge. 

In  the  Crip]>le  Treek  District  of  Colorado  and  the 
Butte  District  of  Mcmtaim,  the  deep  mines  are  producing 
only  heavy  sulphides.  To  reduce  these  sulphides  iron  nails 
are  placed  in  the  crucibles.  The  chemical  action  resulting 
from  the  reduction  is  so  severe  on  the  crucilde  that  even 
the  best  will  sometimes  go  down  under  this  test.  The 
fluxes,  especially  where  the  nails  toucli  the  crucible  walls, 
simply  eat  their  way  through. 

It  is  impossible  to  make  a  special  crucible  for  each 
particular  use,  the  low  price  of  this  class  of  ware  prohibit- 
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iiig  it.  It  is  therefore  essential  that  a  natural  body  be 
found  that  A\ill  successfully  answer  all  purposes  in  the 
great  majority  of  cases.  Such  natural  bodies  have  so  far 
proved  scarce. 

CLAYS. 

The  clays  successfulh^  used  are  all  No.  2  fire  clays. 
They  differ  from  the  Eastern  No.  2  fire  clays  in  that  they 
are  harder  and  have  a  laminated  shaly  structure,  caused 
by  the  crumpling  of  the  Rocky  Mountains.  In  Colorado, 
the  clay  used  in  Denver  and  Pueblo  is  mined  near  Golden 
and  analyzes  as  follows: 

SiO "    71.81  46.88 

AljO 15.09  35.42 

Fe^O 1.75  1.74 

CaO     .14  .44 

MgO     .05  .20 

Alk 1.02  1.19 

H„0     10.14  14.10 

Cone  of  fusion  30     Cone  of  fusion  33-34 

In  Utah,  the  clay  used  is  mined  about  forty  miles  due 
south  of  Salt  Lake  Oity  in  the  Oquirrh  Range,  and  analy- 
zes as  follows : 

Utah  Fire  Clay     Western  Clay  Products 

SiO 

Al  6 

Fe.O 

Cab     

MgO     

Alkalies     

TiO 

H.O     

Coneof  fusion  30     Cone  of  fusion  34 

All  of  these  clays  are  much  the  same  in  appearance, 
although  the  Colorado  clays  are  much  the  hardest  and  re- 
quire a  good  deal  of  tempering  and  soaking  before  they  can 
be  used.  Clays  for  this  purpose  are  all  hand  picked,  care 
being  taken  to  reject  all  clay  that  is  iron  stained  or  con- 
taining iron  particles  or  nodules  in  any  form,  as  the  bub- 
bles resulting  Avould  cause  weak  spots  in  the  walls  of  the 
ware. 


Company 

Companv 

44.08 

58.99 

31.84 

30.71 

3.20 

.57 

.45 

.70 

.92 

.40 

3.20 

.94 

1.38 

.32 

15.17 

7.30 
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The  same  clays  are  used  in  making  crucibles,  scorifiers 
and  muffles,  but  in  each  case  the  amount  of  grog  or  calcine 
used,  the  fineness  aud  the  treatment  is  different. 

The  Battersea,  ( England),  works  also  uses  a  Xo.  2 
fire  clay  for  crucibles,  but  a  highly  micaceous  kaolin  for 
scorifiers.    One  crucible  mix  analyzes  as  follows: 

SiO 72.39% 

ALO      25.327o 

Fe.,0      1.017c 

CaO     38%     Calcined 

MgO     Trace 

K,0     1.14% 

Na,0     Trace 

Total     100.30% 

Some  manufacturers  use  Hint  or  porphyry  for  grog 
instead  of  calcined  clay.  In  this  case  the  grog  is  added  in 
the  raw  state. 

PREPARATION  OF  CLAYS. 

The  preparation,  of  course,  depends  upon  the  charac- 
ter of  the  clay  used.  With  the  hard  varieties  the  method 
is  as  follows: 

After  being  hand  sorted,  either  at  the  mines  or  in  the 
yard,  it  is  placed  in  small  piles  and  allowed  to  weather 
for  a  variable  length  of  time,  depending  usually  upon  the 
amount  on  hand.  It  is  ground  to  20  mesh  for  crucibles 
and  40  mesh  for  scorifiers  in  a  dry  pan  or  mill,  mixed  with 
the  proper  amount  of  grog,  (which  is  ground  and  screened 
separately),  in  a  long  mixer  of  the  pug  mill  type.  The 
amount  of  grog  used  in  the  crucible  and  scorifier  mixes 
varies  from  30%  to  40%,  When  the  clay  and  grog  have 
been  thoroughly  mixed  into  a  stiff  mud,  lumps  of  it  are 
laid  around  on  pallets  in  a  ^^'arm  room.  When  dry  these 
lumps  are  broken  up  and  the  same  process  rejjeated.  A^'^len 
again  dry  the  lumps  are  lu'oken  up  and  puherized  and  the 
material  run  into  bins. 

When  needed  at  the  machines,  small  quantities  are 
run  into  shallow  bins,  spread  out  and  slightly  wetted  with 
a    sprinkling   can.     When   evenly   tempered   it   is   rnbbed 
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throni»ii  a  coarse  screen  to  break  u])  all  lumps,  and  is  then 
ready  for  use. 

A\'lieu  softer  clays  are  used,  such  as  are  found  in  Utah, 
less  work  is  required  in  preparing  them  for  use. 

The  clay  is  carefully  picked  over  at  the  mine  and 
sacked,  no  weathering  being  necessary.  The  clay  and  grog 
are  then  mixed  together  in  lump  form  in  the  same  propor- 
tions as  mentioned  above  for  the  harder  clays.  This  mix 
is  fed  into  a  pan  or  mill  and  run  o^er  screens,  (either  20 
or  40  mesh  according  to  its  use),  direct  to  the  storage  bins. 
From  these  bins  it  is  run  into  shallow  bins  and  wetted 
down  with  a  sprinkling  can.  In  about  12  hours  it  is  thor- 
oughly tempered,  and  after  rubbing  through  a  coarse 
screen  it  is  ready  for  the  machine. 

At  Battersea  tlie  usual  old  English  methods  are  fol- 
lowed. The  clay  is  weathered  in  piles  for  long  periods, 
ground,  mixed  with  ground  calcined  clay  and  soaked  in 
pits.  As  the  English  make  part  of  their  crucibles  from 
stiff  mud,  the  clay  for  these  is  used  directly  from  the  pits. 
The  semi-dry  crucibles  made  on  the  machines  have  tlieii- 
body  i^repared  in  practically  the  same  way  as  described 
above  for  hard  American  clays. 

Both  in  the  United  States  and  in  England  special 
crucibles  are  made  for  "open  hearth"  work.  An  "open 
hearth"  crucible  is  buried  in  a  hot  coke  fire  instead  of 
being  placed  in  a  muflfle. 

The  one  difference  generally  made  in  tlie  mix  for  this 
class  of  crncibles  is  the  removal  of  the  lines  from  the  grog. 
This  is  usually  done  by  passing  it  over  a  30  or  a  40  mesh 
screen  after  having  been  first  put  through  a  20  mesh.  The 
resulting  mix  makes  a  crucible  that  will  stand  the  severe 
work  much  better  than  with  the  fines  left  in. 

The  mix  for  scorifiers  is  practically  the  same  as  for 
crucibles,  and  is  treated  in  the  same  manner.  The  propor- 
tions of  clay  and  grog  are  in  most  cases  practically  the 
same,  the  one  difference  being  the  greater  fineness  of  the 
grog. 
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I'ractJcallY  tlie  only  difference  between  the  prepara- 
tion of  tlie  mixes  for  ci'ueibles  and  scoritiers  and  those  for 
muffles  is  that  the  muffle  mixes  are  very  higli  in  grog-,  from 
60%  to  75%  being  used,  and  it  is  very  much  coarser,  gen- 
erally over  a  20  mesh  and  through  a  4  mesh.  Instead  of 
pugging  twice,  the  mix  is  given  a  single  long  treatment  of 
two  hours  or  more  in  a  closed  end  pug  mill.  The  mix  is 
then  put  into  bins  and  allowed  to  temper  until  needed  for 
use. 

METHOD  OF  MANUFACTURE. 

Crucibles — (Fig.  1).  KSeveral  different  methods  are 
used  in  making  crucibles,   (a)  by  hand  on  a  wooden  core, 
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(b)  by  hand  in  a  plaster  mould  on  a  wheel,  (c)  on  a  hand 
power  press,  (d)  on  a  power  press. 

Method  a — -This  is  the  original  English  method,  and 
is  still  used  there  in  making  "open  hearth"  shapes.  It  is 
as  follows :  A  wooden  core  having  the  same  shape  as  the 
inside  of  the  crucible,  and  with  a  shoulder  at  the  widest 
part  by  which  to  gauge  the  thickness  (Fig.  2)  is  set  on  an 
iron  spindle  by  means  of  a  hole  in  the  bottom.  The  spindle 
is  set  into  a  socket  in  the  bench  before  Avhich  the  moulder 
sits.  The  core  may  thus  be  revolved  by  hand.  On  the 
upper  end  or  point  of  the  core  a  lump  of  tempered  clay  is 
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placed.  This  is  pounded  and  slapped  until  it  covers  the 
core  down  to  the  shoulder.  A  sliding  A'^ertical  gauge  fixed 
near  the  socket  hole  of  tlie  spindle  regulates  the  outside 
shape  and  thickness  of  the  crucible.  When  finished  and 
smoothed  the  core  is  lifted  from  tlie  spindle  and  inverted, 
the  crucible  easily  slipping  off.  Sometimes  on  straight 
shapes  a  linen  cover  is  put  over  the  core  in  order  that  the 
crucible  may  slip  away  more  easily.  The  pouring  spout  is 
made  with  the  fingers. 

T  F7AfN  ^  .   AN-l-Ce  FT     e>OC     VOL  XH      <^  R  E  A  V  E  S>  -  WAUKC  f^ 


Method  h — Plaster  moulds  are  used  in  the  manufac- 
ture of  black  lead  or  graphite  crucibles.  A  lump  of  the 
crucible  mix  is  placed  in  the  bottom  of  the  mould,  which 
is  then  put  upon  a  power  wheel.  A  template  is  used  to 
form  the  inside.  When  smoothed  up,  the  mould  and  cruci- 
ble are  removed  to  a  dryer. 

Method  c — Two  types  of  hand  presses  are  in  use.  One 
is  the  ordinary  Kaymond  Hand  Eepress,  the  mould  and 
plunger  for  brick  being  replaced  by  a  mould  and  plunger 
for  crucibles.  It  is  always  necessary  for  the  plunger, 
which  forms  the  inside  of  the  crucible,  to  revolve  as  the 
pressure  is  applied,  otherwise  the  crucible  will  stick  to  it 
so  hard  that  it  is  necessary  to  break  it  up  in  removing  it. 

Two  methods  Avere  devised  to  accomplish  this.  One  is 
to  attach  a  bevel  gear  rigged  to  a  pulley  and  belt  which 
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keeps  the  plunger  revolving  continuously;  the  other  is 
simply  inserting  a  long  iron  bar  in  the  plunger  head 
(which  hangs  in  a  collar),  and  turning  it  as  the  mould  is 
brought  up  and  the  pressure  applied. 
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The  other  machine  is  slightly  more  complicated  (Fig. 
3).  It  works  opposite  to  the  liJiymond  press,  the  mould 
being  stationary  while  the  plunger  is  brought  down  into  it 
and  at  the  same  time  revolved.  A  bar  inserted  in  the 
plunger  head,  with  one  motion,  applies  the  pressure  by 
bringing  down  the  plunger,  and  at  the  same  time  gives  the 
necessary  rotary  motion. 

This  is  accomplished  by  means  of  two  toggles,  having 
balls  at  both  ends  which  fit  into  sockets  in  the  cross  head 
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that  holds  the  plunger  and  in  a  stationan'  plate  above  it. 
These  toggles  are  set  crosswise  in  the  form  of  a  letter  X, 
one  each  side  of  tlie  shaft  to  which  the  plunger  is  attached, 
and  which  extends  up  through  the  stationary  plate  men- 
tioned above.  This  shaft  is  attached  at  the  top  to  a  strong 
spring  which  holds  it  up.  With  this  arrangement  a  slight 
pull  at  the  i)ar  straightens  the  toggles  to  a  vertical  posi- 
tion, thereby  giving  the  plunger  a  downward  thrust  that 
will  exert  tremendous  pressure,  and  at  the  same  time  gives 
the  necessary  rotary  motion  to  the  plunger. 


On  these  machines  a  man  can  make  1000  to  1500  cru- 
cibles a  da}^  if  his  mix  is  in  good  working  condition. 

The  moulds  used  on  these  machines  are  of  soft  steel, 
the  inside  being  machined  to  the  desired  shape  of  the  out- 
side of  the  crucible.  Fig.  4.  The  mould  is  open  at  the  bot- 
tom, the  steel  plate  on  \yhich  it  rests  serving  as  such.  After 
the  crucible  is  pressed,  the  mould  is  slid  fi-om  under  the 
plunger  on  to  a  ''kickout."     This  is  a  small  steel  disc  at- 
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tached  to  a  foot  treadle  and  operates  tliroiigli  a  ]iole  in  the 
steel  plate.  A  '^trimmer"  is  then  placed  on  the  mould, 
^ind  Avith  a  slight  pressure  of  the  foot  on  the  ''kickout"  the 
crucible  is  pushed  out  of  the  mould,  finished. 

T*?Ar^^.  amv.cek.  socvol.x\i.  <3<p?cave=,_  vvauke  f^. 


The  "trimmer,"  Fig.  5,  is  simply  a  Hat  piece  of  steel 
having  a  hole  in  the  center  the  exact  size  of  the  top  of  the 
crucible.  When  laid  on  the  mould  and  the  crucible  kicked 
through  it,  it  trims  off  the  rough  edges  caused  by  the  issue. 

All  moulds  are  slightly  grooA'ed  vertically  in  several 
places  on  the  inside.  This  is  to  prevent,  to  some  extent, 
the  crucible  from  twisting  undei-  the  influence  of  the  re- 
volving plunger. 

Twisting  invariably  means  a  flaw.  It  is  caused  by  one 
portion  of  the  crucible  remaining  stationary  in  the  mould 
while  another  portion  moves  just  the  smallest  fraction  of 
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an  inch  with  the  plunger.  The  break  is  often  covered  up 
so  neatly  on  the  surface  that  it  is  not  detected  until  the 
charge  begins  to  run  through  on  to  the  muffle  bottom.  This 
makes  the  twist  the  constant  dread  of  the  crucible  manu- 
facturer. 


MetJiod  d — The  power  press  is  rather  a  simpler  affair 
than  is  expected,  Fig.  6.  The  pulley  drives  a  set  of  gears 
that  revolve  the  plunger  constantly  and  at  tlie  same  time 
give  it  an  up  and  down  stroke.  Two  men  work  at  the 
press,  each  having  a  set  of  moulds,  etc.,  and  catching  alter- 
nate strokes.  Tlie  capacity  of  tlie  machine  is  from  4000  to 
5000  20-gram  crucibles  in  10  liours.    Tlie  machine  requiies 
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from  21/2  to  3^2  liorse  power.  Tlie  crucibles  are  kicked  out 
of  the  moulds  and  trimmed  iu  tlie  same  manner  as  de- 
scribed above  for  the  hand  power  press. 

Scorifiers — Fig,  1.  Scoriliers  are  made  on  either  the 
hand  or  power  press  in  exactly  the  same  manner  as  de- 
scribed for  crucibles. 

The  capacities  of  the  machines  are  practically  the 
same  when  working  on  scorifiers  as  on  crucibles.  However, 
there  is  a  greater  loss  on  scorifiers  on  account  of  their 
tendency  to  blister  under  the  pressure  of  the  plunger.  This 
is  caused  by  their  thickness  aiid  the  almost  flat  inside 
surface. 

Muffles.  The  making  of  muffles  is  an  entirely  differ- 
ent proposition  from  the  processes  described  above.  It  is 
entireh^  a  hand  process  at  the  present  time.  A  wooden 
core  is  made  having  the  shape  of  the  inside  of  the  muffle. 
This  core  has  a  shoulder  at  the  front  end  by  which  the 
thickness  is  ganged  and  which  gives  the  shape  of  the  out- 
side. 

The  core  is  thoroughly  soaked  in  water  l^efore  using, 
and  is  then  completely  covered  with  a  sheet  of  thin  wet 
canvas.  This  canvas  prevents  sticking  and  allows  the  core 
to  be  easily  withdrawn  from  the  completed  muffle. 

The  clay  is  laid  on  a  table  which  is  covered  with  a 
loose  sheet  of  canvas,  and  batted  out  with  a  wooden  mallet 
into  a  sheet  of  the  proper  size  and  thickness,  as  shown  by 
two  gauge  sticks  tacked  to  the  table.  The  canvas  covered 
core  is  then  laid  on  the  clay,  bottom  down.  The  sheet  of 
clay  is  then  wrapped  around  it  by  means  of  the  loose  '^•an- 
vas  sheet.  It  is  joined  along  the  top  from  end  to  end,  the 
back  brought  up,  trimmed  and  joined  to  sides  and  top,  and 
the  whole  smoothed  up  with  a  trowel.  The  muffle  is  then 
set  aside  to  dry  slightly.  In  a  few  hours  the  core  is  re- 
moved and  the  muffle  allowed  to  dry  thoroughly,  resting 
on  its  end. 

As  the  muffle  mixes  are  so  high  in  grog  thero  is  not 
shrinkage  enough  to  effect  the  pulling  of  the  core,  even 
though  the  body  gets  fairly  hard  and  dry. 


eC  MANUFACTURE  OF  CRUCIBLES,  SCORIPIERS  AND  MUrFI-ES. 

Drying:  After  beiug  kicked  out  of  the  moulds,  cru- 
cibles or  scorifiers  are  set,  bottom  up,  on  slat  x»^llets  and 
placed  on  racks  in  a  steam  lieated  room.  On  account  of 
their  openness  there  is  very  little  danger  of  loss  during; 
this  stage. 

Muflfles  are  generally  dried  in  an  open  warm  room,  no 
special  care  being  necessary  to  prevent  cracking. 


Burning:  In  the  case  of  the  Colorado  ware,  the  burn- 
ing is  all  done  in  the  same  kilns  as  the  lire  brick,  the  cru- 
cibles, scorifiers  and  muffles  being  set  on  top  of  the  brick 
benches.     This  means  a  temperature  of  from  Cone  9  to  12. 

Tn  rtah,  on  account  of  tlic  rlifference  in  the  elay,  the 
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ware  is  burned  h\  itself  in  small  square  kilns  to  tempera- 
tures of  from  Cone  1  to  3. 

The  hardness  or  density  to  which  the  ware  is  burned 
depends  on  the  nature  of  the  clay  used  and  the  use  to 
which  it  is  to  be  jjut.  For  mill  work,  w  here  a  crucible  must 
stand  at  least  six  charges  and  where  ]io  account  is  taken 
of  a  slight  absorption  of  the  ore  values,  the  crucible  must 
be  soft  to  stand  the  sevei-al  exposures  to  rapid  changes  of 
temperature.  For  custom  smelter  and  custom  assay  office 
work,  where  a  crucible  is  used  but  once  and  where  no  loss 
of  values  by  absorption  can  be  allowed,  the  ware  can  be 
harder,  but  in  all  cases  it  must  be  able  to  withstand  the 
great  temperature  changes  to  which  it  is  always  subjected. 

Scorifiers  are  generally  burned  softer  than  crucibles, 
as  on  account  of  their  comparative  thickness  they  are  more 
likely  to  crack. 

Crucibles  are  nested  and  burned  bottom  side  up.  (Fig. 
7).  Scorifiers,  on  account  of  the  inability  to  nest,  are 
burned  in  saggers  or  pockets  made  of  brick.  ^luffles  are 
simply  scattered  about  on  top  of  other  ware  and  burned 
singly. 

BLACK  LEAD  OR  GRAPHITE  CRUCIBLES. 

The  mixture  used  in  the  manufacture  of  these  ci-u- 
cibles  is  about  as  follows: 

Graphite     50% 

Plastic   Clay    45% 

Sand    or   Grog 5% 

The  materials  are  crushed  to  pass  a  40  mesh  sieve  and 
are  mixed  and  tempered  in  a  pug  uiill.  After  taking  from 
the  mill  the  mixture  is  tempered  in  a  damp  room  for  sev- 
eral days  and  is  then  ivady  for  use. 

The  crucibles  are  made  in  a  plaster  mould  on  a  wheel, 
the  inside  being  shaped  by  a  template  or  formei-. 

The  drying  process  is  the  same  as  for  otluM-  \\ai-e  made 
in  plaster  iiKUilds. 
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The  burning  is  done  in  saggers  in  which  are  placed 
pieces  of  coke.  Eeducing  conditions  are  maintained  as 
nearly  as  possible  in  order  to  prevent  the  loss  of  graphite, 
A  week  is  generally  required  to  burn  a  kiln. 

These  crucibles  are  not  used  in  assaying,  but  for  melt- 
ing pots.  The  smaller  sizes  are  mostly  used  in  the  manu- 
facture of  dental  supplies,  the  larger  ones  in  the  metallur- 
gical industries. 


THE  BRIQUETTING  OF  FUELS. 

BY 

Charles  L.  Wiught,  Pittsburg,  Pa. 

GENERAL   STATEMENT. 

The  term  "briqiietted  fuel"  is  used  in  this  country  to 
designate  a  fuel  made  by  compressing  small  pieces  of  coal 
in  molds,  with  or  without  the  addition  of  a  binding  ma- 
terial, so  as  to  form  pieces  of  even  size  of  any  desired 
weight  or  form  which  will  not  sift  through  the  grates.  In 
England  this  fuel  is  called  patent  fuel  or  artificial  fuel, 
while  in  Belgium,  France,  and  Germany  it  is  known  under 
various  general  terms  such  as  "'boulets,"  "agglomeras," 
etc.  Tn  Europe  it  is  frequently  the  practice  for  makers  to 
give  trade  names  to  the  briquets  manufactured  by  them, 
and  in  some  cases  this  name  is  stamped  on  the  face  of  the 
briquets  by  the  press.  This  practice  is  being  adopted  in 
this  country  to  some  extent. 

It  may  not  be  amiss  to  state  here  that  before  the 
briquetting  industry  will  be  entirely  successful  in  this 
country,  it  will  require  chemical  examination  of  the  raw 
fuel  and  proper  chemical  control  of  the  material  at  the 
different  stages  of  the  process.  Also,  the  plant  must  be 
properly  designated  by  competent  engineers.  I  mention 
this  because  many  inventors  of  new  binders  have  the  idea 
that  they  can  make  successful  briquets  without  any  exper- 
ience with  briquetting,  and  this  ignorance  has  resulted  in 
the  wasting  of  considerable  capital  in  this  country. 

The  process  of  briquetting  does  appear  simple  enough 
on  the  surface.  All  one  apparently  has  to  do  is  to  mix  a 
binder  (if  required)  with  a  fuel  and  press  into  blocks.  It 
will  be  easily  understood  that,  while  the  process  is  simple 
enough,  there  may  be  difficulties  in  mixing  materials,  heat- 
ing them  to  just  the  right  temperature,  while  keeping  the 

6S) 
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moisture  content  riiilit,  and  in  finding  the  proper  press. 
However,  tliere  is  notliing  impossible  in  these  dsijs  if 
there  is  money  enough  to  make  the  proper  investigation  to 
find  tlie  right  methods  of  procedure. 

]3ri(|uetting  scliemes  have  failed  in  certain  instances 
because  they  were  not  under  proper  technical  supervision, 
or  the  supjily  of  raw  fuel  or  binder  was  uncertain,  or  poor 
judgment  was  shown  in  the  location  of  plant  to  supply 
markets  already  supplied  with  good  fuel  at  low  prices. 

Most  of  the  briquetting  plants  in  European  countries 
are  located  at  the  mines  and  are  owned  by  the  mine  opera- 
tors, so  that  they  may  utilize  the  waste  from  the  mines,  in 
the  case  of  the  hard  fuels,  or  can  make  low  grade  fuels 
such  as  lignites  into  briquets  without  transportation 
charges  having  been  paid  on  the  raw  material. 

I  believe  that  success  in  the  fuel-briquetting  industry 
in  this  country  will  only  be  attained  when  our  mine  oper- 
ators become  sufficiently  interested  in  this  method  of  uti- 
lizing their  mine  waste,  or  in  the  case  of  lignites  making  a 
good  fuel  from  inferior  raw  material,  to  install  complete 
briquetting  plants  at  their  mines.  With  proper  equi]>- 
ment  and  superintendence,  plants  so  located  should  l»e  a 
good  investment  for  the  operators. 

There  are  several  reasons  for  briquetting  fuel,  the 
most  important  of  which  are  the  following: 

1.  To  convert  mine  waste  into  a  commercial  fuel. 

2.  To  utilize  the  low  grade  fuels,  such  as  lignite 
and  sub-bituminous  coals,  peat,  etc.,  and  con- 
vert them  into  fuels  suitable  for  local  use 
where  they  are  found. 

3.  To  produce  a  satisfactory  houseliold  fuel  from 
bituminous  coal,  or  refuse  from  coal  yards. 

1.  In  the  modern  methods  of  mining  bituminous  and 
anthracite  coals,  large  quantities  of  slack  and  culm  are 
produced,  and  while  in  some  sections  of  tlie  country  there 
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is  a  market  for  the  .slack,  for  use  in  industrial  plants  pro- 
vided with  mechanical  stokers,  yet  in  other  sections  of  the 
country  there  is  not  only  no  market  for  the  slack,  but  the 
mine  owners  are  put  to  a  positive  expense  to  haul  it  away 
from  the  mines  and  dump  it  in  great  piles,  which  frequent- 
ly become  fired  by  spontaneous  combustion,  being  gradu- 
ally consumed.  For  this  reason  the  coal  mine  opei'ators 
are  at  the  present  time  interested  in  the  development  of 
the  briquetting  industry  in  this  country,  and  even  if  the 
process  should  not  yield  much  profit  of  itself,  it  would  do 
away  with  the  handling  of  the  slack  and  convert  it  into  a 
fuel  that  will  readily  sell  for  at  least  as  much  per  ton,  and 
usually  for  more  than  the  best  lump  coal  from  the  same 
mine.  This  saving  and  utilization  of  a  by-product  is 
strongly  to  be  commended  as  helping  to  conserve  our  na- 
tural resources,  a  question  which  is  arousing  so  much  in- 
terest and  thought  at  the  present  time. 

2.  To  utilize  the  low  grade  of  fuels  of  the  West  and 
South.  In  certain  portions  of  the  United  States,  notably 
Texas,  North  Dakota,  Colorado,  Montana,  and  California, 
are  found  beds  of  lignite  covering  large  areas  and  from  a 
few  inches  to  over  thirty  feet  in  thickness.  These  lignite 
beds  are  in  many  instances  situated  long  distances  from 
bituminous  and  anthracite  fields,  and  the  obtaining  of  a 
satisfactory^  fuel  suppl^^  is  a  problem  of  great  interest  to 
people  living  in  these  districts,  as  upon  the  solution  of  this 
problem  depends  the  development  of  manufacturing  indus- 
tries there.  Considerable  interest  has  been  manifested  in 
the  United  States  recently  in  the  development  of  these  fuel 
supplies  of  relatively  low  heating  values.  European  coun- 
tries have  been  develoj)ing  and  improving  their  low  grade 
fuel  supplies  for  many  years,  so  that  at  the  present  time 
the  artificial  preparation  of  such  low  grade  fuels  as  peat, 
lignite  and  sub-bituminous  and  the  slack  of  bituminous 
and  anthracite  has  become  an  extensive  industry.  Hvi- 
quetting  and  the  manufacture  of  producer  gas  have  been 
the  means  most  genei-ally  adopted  in   Europe  to  convert 


72  THE    BKiyUI-rrTING   OF    FUELS. 

these  low  jirade  fuels  into  nseful  fields,  and  tlie  industrial 
success  of  (xernianY  has  been  due  in  no  small  measure  to 
the  production  of  useful  fuel  from  practically  worthless 
raw  material. 

Lignites  in  their  raw  states  are  not  satisfactory  fuels 
for  either  domestic  or  industrial  purposes  on  account  of 
their  inability  to  resist  the  etTects  of  weathering.  They 
crumble  to  slack  when  dried,  and  after  exposure  to  wet 
and  dry  weatlier  for  a  few  weeks  they  become  slacked  to 
such  an  extent  that  they  are  burned  with  difficulty  and 
only  with  special  apparatus. 

The  American  lignites  tested  by  the  U.  S.  Geological 
Survey  ^vere  found  to  contain  from  30  to  40  per  cent  of 
moisture  at  the  mine,  and  this  high  per  cent  of  moisture 
partially  accounts  for  the  low  heat  value  and  efiiciency  of 
this  fuel.  In  the  process  of  briquettlng  lignites  the  mois- 
ture is  reduced  to  10  to  15  per  cent,  and  their  heat  values 
are  thereby  improved  from  35  to  50  per  cent.  This  im- 
provement in  heat  value  is  of  especial  importance  when 
the  fuel  is  to  be  shipped  to  a  market  at  some  distance  from 
the  mine,  as  it  saves  transportation  charges  on  the  water 
that  is  removed  by  briquetting,  this  saving  amounting  to 
as  much  as  32%  in  some  instances. 

3.  To  produce  a  satisfactory  household  fuel  from 
bituminous  coal.  In  certain  parts  of  this  country,  notably 
New  England,  where  fuel  has  to  be  obtained  from  mines 
located  at  a  distance,  the  transportation  cliarges  are  so 
great  that  the  prices  of  anthracite  and  bituminous  coals 
are  sufficiently  close  to  each  other  so  that  when  the  added 
advantage  of  the  cleanliness  of  the  hard  coal  is  considered 
it  is  not  strange  that  anthracite  is  used  for  a  domestic  fuel 
to  the  exclusion  of  bituminous  coal. 

In  these  sections  there  should  be  a  market  for  bitumi- 
nous coal  briquets  as  a  house  heating  fuel,  as  they  could 
be  made  at  the  mines  and  sold  at  a  price  to  compete  with 
anthracite,  and  if  properly  made  (and  I  must  emphasize 
the  word  properly),  the  briquets  should  have  satisfactory 
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heatiiii:,   capacity  and   cleanliness  to  compare  with   hard 
coal. 

BRIQUETTING   WITH   BINDER. 

Most  fuel  materials  can  Ix'  ltri(|nette(l  if  the  proper 
binder  is  used  and  the  proper  bri<|nettinii'  conditions  are 
determined.  XatiirallY  some  material  will  cost  more  to 
briquet  than  others,  and  whether  a  certain  fnel  can  be 
bri(]netted  on  a  commercial  scale  with  pr(>tit  will  depiMid 
on  several  conditions  snch  as 

Cost  of  raw  material. 

Cost  of  binder. 

Amonnt  of  binder  re(piired. 

Action  of  material  in  press. 

Amount  »»f  moistnre  in  raw  mat(n-ial. 

Binders  Used. 

The  largest  item  of  the  cost  of  briiinetting,  using  a 
binder,  is  the  cost  of  the  binder  itself,  and  so  it  is  not  sur- 
prising that  in  the  last  fifteen  rears  thousands  of  patents 
have  been  issued  in  different  countries  for  binding  mater- 
ials for  bricpietting  fuels.  Many  of  them  are  comjdex', 
being  made  up  of  several  substances,  but  the  greater  num- 
ber of  them  have  not  been  found  ])ractical,  as  in  some  cases 
the  cost  was  proliibitive,  while  in  other  cases  th(»  complex 
nature  of  the  l)inder  made  the  briquetting  ])rocess  loo 
complicate<l. 

Among  the  materials  suggested  for  binders,  the  follow- 
ing may  be  mentioned  :  Clay,  lime,  magnesia,  plaster  of 
Paris,  Portland  cement,  natural  cement,  Avater  glass,  rosin, 
pitch,  i)ine  wood  tar,  hardwood  tiir,  wood  pulp,  sulphite 
liqnor  (from  paper  mills),  sulphite  jutch  ('from  sul|>liite 
liquor),  beet  pulp,  lime  cake,  beet  sngar  molasses,  cane 
sugar  molasses,  corn  starch,  ])otato  starcJi,  tloni-.  flax 
sti-aw,  flax  straw  syrup,  slaughter  honse  refuse,  garbage, 
Idast  furnace  tar,  producer  gas  tar.  illnmiuating-gas  tar, 
by-]ii-o(liict  (•ol<('-()\('ii  tai'.  coal-tnr  crcnsotc.  walcr  gas  tar. 
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pitches  of  various  ,i!,ra(les  made  by  distilliiiii,'  these  tars, 
natural  asj)lia]ts  smh  as  impsoiiile,  gilsoiiitc,  iiialtlia,  re- 
fined Trinidad,  etc.,  crude  petroleum,  petroleum  residuum, 
wax  tailings,  acid  sludge,  asidialt  tar,  Pintscli^as  tar,  etc. 

Of  these  binders,  only  a  few  have  been  found  practical 
and  those  in  actual  use  at  the  present  time  arc  fewer  yet. 
Coal  tar  pitch  is  the  Itiuder  most  generally  used  in  (Ireat 
Britain,  Germany,  France,  and  Belgium.  The  V.  S.  (Jeo- 
logical  Survey  has  found  water-gas-tar  ])itch  an  excellent 
binder,  and  it  is  the  binder  most  generally  nseil  on  the  tests 
made  by  the  Survey. 

Sulphite  li(iuor  and  cell  j»itch,  by-proilucts  of  the  wood 
pulp  paper  industry,  although  at  first  not  found  satisfac- 
tory binder's  on  account  of  not  making  water])roof  bri- 
quets, have  lately  been  used  with  more  success,  and  in  the 
Pollacsek  process  in  Hungary  cell  pitch  has  a  favorable 
outlook. 

Tn  this  brief  paper  I  will  not  try  to  discuss  the  binders 
in  detail,  and  those  interested  will  find  this  subject  treated 
in  an  admirable  manner  by  James  E.  Mills  in  the  U.  S. 
Geological  Survey  Bulletin  No.  343,  entitled  ''Bindei-s  for 
Coal  Briquets."  It  would  be  wise,  however,  to  describe 
here  the  following  binders : 

(a)  Coal  tar  pitch  is  obtained  from  the  distillation 
of  coal-tar,  a  by-product  of  the  coal-gas  industry.  There 
are  three  grades  of  this  pitch,  namely,  soft,  medium,  and 
hard  pitch.  Soft  pitch  has  greater  binding  power  than  the 
hard  pitch  and  therefore  less  of  it  is  required,  but  it  has 
the  disadvantage  of  producing  more  smoke  and  softening 
at  a  lower  temperature  in  the  fire.  All  tar  pitches  have  the 
disadvantage  of  producing  smoke  when  burned,  but  as 
they  make  waterproof  briquets  they  have  been  extensively 
used  in  European  countries  for  making  coal  bri(pi(4s. 

(b)  AVater-gas  ])itch  is  made  by  distilling  water-gas 
tar,  which  is  a  by-product  of  the  water-gas  industry.  This 
pitch  is  therefore  a  petroleum  ])roduct,  as  it  comes  from 
the  ])etroleum  oil  used  to  enrich  the  water  gas.     What  was 
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said  above  about  the  characteristics  and  gradiiiu,  of  coal- 
tar  pitch  applies  equally  well  to  water-gas  pitch. 

(c)  Asphalt  pitch  is  derived  from  natural  bitumi- 
nous rock  such  as  impsoiiite,  gilsonite,  maltha,  etc.,  and  is 
probably  superior  in  binding  qualities  to  coal,  tar  and 
water-gas  pitch,  but  has  as  yet  been  used  only  to  a  limited 
extent. 

BRIQUETTING  WITHOUT   BINDER. 

Certain  kinds  of  lignites,  or  brown  coals,  possess  suffi- 
cient binding  qualities  to  be  briquetted  without  adding  any 
artificial  binder  to  them,  although  a  much  higher  pressure 
must  be  used  tlian  wlien  bri(pietting  material  with  added 
binder,  as  tliis  ])ressure  is  necessary  to  soften  the  inherent 
binder. 

Lignites  suitable  for  briquetting  without  binder  iwe 
found  in  Germany,  Austria,  Italy,  and  the  United  States. 

rjermany  is  the  greatest  producer  of  lignite  bri(|uets, 
having  made  14,227,218  tons  of  this  fuel  in  1908,  while 
Austria  comes  next  with  130,000  tons  in  the  same  year. 

A  si)eeial  type  of  press,  known  as  the  Exter-press,  is 
used  in  Germany  for  briquetting  lignite  and  peat,  but  the 
latter  fuel  is  not  briquetted  profitably  at  the  ])resent  time 
on  account  of  the  high  moisture  content  which  must  be 
removed  by  drying.  Peat  has  been  mora  successfully  pre- 
pared for  fuel  by  air  drying  and  wet  pressing  in  presses 
similar  in  construction  to  those  used  for  making  clay 
products. 

DRYING  OF   FUEL   BEFORE   BRIQUETTING. 

t^ome  fuels,  but  more  especially  lignites  and  peat,  re- 
quire drying  before  briquetting. 

Lignites  fresh  from  the  mines  in  Germany  contain  as 
high  as  60%  of  moisture,  and  samples  of  American  lignites 
investigated  by  the  U.  S.  Geological  Survey  have  contained 
as  high  as  42%  of  moisture.  Before  briquetting  this  fuel 
it  must  be  dried  considerably  so  as  to  contain  from  5  to  15 
per  cent  of  moisture  in  the  briquets. 
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If  dried  too  iiincli  it  will  not  hriiinet.  Tiicrefoi-e,  to 
make  briquets  siu-cessfuUv  from  lignites  re(]iiires  close  con- 
trol of  the  drying,  and  the  amount  of  moisture  is  the  most 
important  factor  in  briquetting  this  fuel. 

Drying  lignites  improves  their  heat  value  as  much  as 
50%,  and  drying  is  necessai-y  not  only  to  improve  the  heat 
^•alue  but,  more  important  still,  the  drying  is  required  to 
prevent  too  much  steam  being  formed  in  the  dies  while 
l)ressing,  as  when  suflicient  steam  is  formed  tlie  pressure 
blows  the  briquet  material  out  of  the  mold  with  great 
violence.  Again,  with  certain  lignites  the  presence  of  too 
much  water  causes  "^vater  cracks"  in  the  finished  briquets, 
which  are  the  result  of  the  steam  formed  acting  as  a  cush- 
ion in  the  mold  and  when  the  pressure  is  relieved  the  steam 
expands,  cracking  the  bri(iuet. 

In  Germany  there  are  two  general  types  of  di-iers  in 
use  in  briquetting  plants. 

One  of  them,  the  plate  t3-pe,  consists  of  a  series  of  cir- 
cular steam  heated  j)lates  arranged  one  above  the  other, 
over  which  plates  the  material  is  moved  by  scrapers  from 
the  center  toward  the  outer  edges  of  one  plate,  then  di-ops 
through  holes  onto  the  plate  below,  is  scraped  from  the 
outer  rim  toward  the  center  of  this  plate,  then  drops 
through  holes  onto  the  next  lower  plate,  and  so  on  thi-ough 
the  drier. 

On  account  of  the  large  number  of  moving  parts  in  the 
plate  drier  and  their  lial)ility  to  get  out  of  order,  this  type 
of  di'ier  is  gradually  being  sui)erseded  by  another  type  of 
drier,  known  as  the  Scliulz  drier.  This  Schulz  drier  re- 
sembles a.  multitubular  ])oiler  supported  on  bearings  at  each 
end,  in  an  inclined  position,  so  that  by  revolving  the  drum 
the  material  will  nujve  through  the  tubes  by  gravity.  These 
driers  are  21  to  2G  feet  long  and  7  to  111/,  feet  in  diameter, 
and  have  240  to  ?>(U  drying  tubes  3%  'wches  in  <liameter, 
so  they  have  4040  to  81  SO  square  feet  of  heating  surface 
and  will  di-y  in  21  hours  from  45  to  ()\<'r  TO  tons  of  \\-et 
lignite. 
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Other  types  of  driers  nre  more  coinmoiily  used  in  this 
coniitry  for  drying  materials  sueii  as  the  lonm  hollow  cylin- 
drical driers  placed  in  an  inclined  position,  and  heated  by 
direct  heat  Avhile  revolving',  the  gas  passing  throngli  the 
cylinder  in  some  cases. 

For  drying  and  heating  bituminons  or  anthracite  coal 
for  briqiietting,  another  type  of  drier  known  as  the  Bietrix 
furnace,  is  used  in  P" ranee.  It  consists  of  a  circular  brick 
chamber  in  which  is  revolved  a  circular  horizontal  table. 
Direct  heat  is  passed  over  this  table  from  a  fire  box  at  the 
side.  Scrapers  move  the  coal,  while  drying,  from  the  cen- 
ter to  the  outer  edge  of  the  table,  ^^'here  it  is  discharged 
through  ojienings  in  the  casing.  This  type  of  drier  is  said 
to  be  continuous  and  highly  efficient  in  action. 

PRESSES. 

The  presses  used  for  bri(|uetting  fuel  are  of  three 
general  classes : 

Class   (I)        0])en  mold  machines. 

Class    (II)      Closed  mold  machines. 

Class   (III)    Tangential  or  rotary  machines. 

The  space  allotted  to  this  paper  allows  of  only  a  brief 
discussion  of  the  various  types  of  presses. 

Class  I.  Presses  of  the  open  mold  class  are,  as  the 
name  suggests,  provided  with  molds  open  at  one  end,  and 
the  pressure  is  obtained  by  the  resistance  offered  to  the 
material  in  passing  through  a  gradually  narrowing  0|>en- 
iug.  Presses  of  this  class  are  in  use  in  brick  and  tile  in- 
dustries, and  the  auger  brick  machine  may  be  mentioned 
as  typical.  For  fuel  briquetting,  open  mold  machines  are 
used  commercially  only  for  briquetting  lignites  and  peats, 
although  a  press  Avith  open  molds  has  been  used  to  some 
extent  in  Belgium  for  briquetting  washed  coals  containing 
as  high  as  20 "^^  of  water. 

The  following  fuel  bricpiet  jn'esscs  Ix'long  to  this  type: 

1.  The  Exter  i)ress. 

2.  BoniM-jcz  ])r('ss. 
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3.  A  press  known  in  England  as  Johnson's 
briquet  press,  Init  wliicli  lunst  not  be  confused 
with  the  Johnson  press  belonging  to  the  Survey, 
Avhieb  is  of  an  entirely  different  type, 

4.  ]Max  Everard's  briquet  press. 

5.  A  peat  briquetting  machine  known  as  the 
Schlickeysen  peat  machine,  AVliich  is  typical  of 
other  peat  machines. 

Class  II.  Briipiet  presses  having  closed  mold  may  be 
divided  into  two  types : 

(a)  Single  compression  machines. 

(b)  Double  compression  machines. 

(a)  In  the  single  compression  machine  the  material 
in  the  mold  is  compressed  by  a  plunger  from  one  side  of 
the  mold  onl^-,  while  in  the  double  compression  machines 
both  sides  of  the  briquet  are  simultaneously  compressed  by 
double  plungers,  and  the  resultant  briquets  are  more  homo- 
geneous than  those  made  by  the  single  compression  ma- 
chines. 

As  tyi)cs  of  the  single  compression  machines  the  fol- 
lowing may  be  mentioned:  Thomas  Middletou's  press, 
patented  in  England  in  1844,  jMazeline  press,  Stevens 
press,  manufactured  by  the  Uskside  Engineering  Company. 

(b)  The  folloAving  machines  are  of  the  double  com- 
pression type  of  press: 

Conffinhal-Bietrix  machine. 
Kobert  Middleton  press. 
Yeadons  Double-Compression  press. 
Ivoux-Veillon  press. 
Johnson  Briquet  machine. 
The  following  American  presses  are  also  of  this  type: 
Ren  fro  w  Bri(iuet  machine. 
Misner  press. 

Class  III.  Tangential  or  rotary  bricpiet  inesses.  This 
class  may  be  divided  into 

( a)  Roll  type  of  presses. 

(b)  Rotary-plunger  mnchiiics. 
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(a)  Roll  tijpc  of  prrss.  This  type  of  press  consists 
of  two  rolls  of  the  same  diameter,  which  are  geared  to- 
gether so  that  oue  turns  with  the  other  at  the  same  surface 
speed.  In  the  face  of  these  rolls  pockets  are  arranged  so 
that  the  pockets  on  each  roll  register  perfectly  with  the 
corresponding  pocket  on  the  other  roll.  The  prepared  ma- 
terial is  fed  to  these  rolls  fi-om  a  hopper  over  them,  and  the 
turning  of  the  rolls  briquets  the  material.  These  presses 
have  large  capacity  and  are  simple  to  handle,  but  they  are 
not  suited  to  make  briquets  weighing  more  than  tive  or 
six  ounces,  and  require  more  binder  than  plunger  machines 
to  produce  briquets  of  equal  strength.  Tliey  are  especially 
adapted  for  making  small  sized  briquets,  and  have  been 
used  in  this  country  in  at  least  two  of  tlie  successful  bri- 
quotting  plants.  These  machines  havG  the  advantage  over 
plunger  machines  of  being  continuous  in  action  so  that 
there  is  no  lost  motion.  They  make  briquets  of  various 
shapes,  the  pillow  shape  being  the  most  satisfactory. 

The  following  presses  are  of  this  type : 

Mashek  press. 

Mulheim  and  Zimmerman's  press. 

Fourquensberg's  press. 

Hall-Bjorling  patent  fuel  machine. 

Loiseau  press. 

Devil  lers  press. 

Chisholm,  Boyd  &  White  press. 

(b)  The  rotar!/-pJiiii(/cj-  ti/pp.  The  distinguishing 
characteristic  of  this  style  of  press  consists  in  a  series  of 
plungers  radially  located  in  the  rim  of  a  wheel,  some  ma- 
chines having  only  one  ring  and  others  having  several 
rings  of  molds  in  the  rim  of  the  wheel. 

This  type  of  press  has  the  valuable  features  of  contin- 
uous action,  no  lost  motion,  and  higli  capacity  of  the  roll 
press,  and  the  added  advantage  of  being  able  to  make 
briquets  with  less  binder  and  greater-  coherence  than  the 
roll  machine,  and  the  size  of  the  briquet  that  can  be  made 
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on  tliis  inacliiiic  is  ^rejitci'  tliaii  tluit  i>(>ssible  with  the  roll 
type. 

The  loljowiiii;  iiiachiiies  are  of  the  rotary-plungei* 
type : 

IJi'(>i;;ueau\  press   (France). 
J^adley  press,  made  by  the  National  Tresse*! 
Fuel  Co.,  of  Indianapolis. 

Sehorr    press,     desii^nated     by    Mi',     liobcn-t 
Schorr,  a  consulting  engineer  of  San  Francisco. 

Hale   Briquetting    Machine,    Standard    l-^'uel 
(/<>iii]»any,  ]>irniingliani,  Ala. 

ADVANTAGES    OF    BRIQUETTED    FUEL. 

i>]'i(|uets,  when  properly  made  A\ith  a  suitable  binder 
possess  the  following  advantages  over  raw  fuel : 

1.  The  even  size  of  the  briquets  permits  of  a  more 
regular  and  thorough  combustion  in  the  fire  box  or  fur- 
iia<-e,  as  the  spaces  that  exist  between  adjacent  blocks  al- 
low of  even  distribution  of  air  through  the  fire  and  the 
pressure  drop  through  the  fire  is  also  less. 

2.  A  good  bricjuet  holds  its  shape  in  the  fire  so  that 
even  when  coking  coals  are  used  they  <lo  not  coke  together 
.suflficiently  to  cut  off  the  air  for  condiustion,  and  the  gases 
are  burned  as  fast  as  distilled  off,  so  that 

3.  Practically  no  smoke  should  be  obtained  fi-om  the 
combustion  of  good  briquets. 

4.  Briquets  generally  burn  to  a  fine  ash  rather  than 
a  clinker,  as  in  tlie  bri(|uetting  ])rocess  the  mixing  and 
grinding  tluu-oughly  distri}»ute  the  ash  nuiterial,  Avhich  in 
the  raw  fuel  (\\ists  in  spots  and  layers,  and  are  fused  into 
clinker  instead  of  falling  through  the  grate. 

5.  The  characteristic  fineness  of  the  ash  from  bri- 
quets allows  of  keeping  a  better  fire  with  less  attention 
and  poking  than  is  })()ssible  witli  ra^\  fu(d  und<M-  the  same 
conditions. 

(5.  The  ('va])()rati<)n  per  pound  of  fuel  is  gi-eater  for 
the  bi-i<|n('t1('d  ihaii  Coi-  (he  same  coal  in  its  iialMi-al  state. 
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This  advaiita<i('  is  iiiaiiitaiiied  at  all  rates  of  eva|>oratioii.^ 

7.  Tlic  capacity  of  a  boiler  is  coiisi(lei'al)lv  increased 
1»Y  the  use  of  briqnetted  fiiel.^ 

8.  Tlie  weather  resistiiit^  ({iialities  of  many  coals,  and 
especially  lignites,  are  greatly  improved  by  briqiietting. 

0.  Briquets  apparently  give  a  longer  flame  than  run- 
of-mine  coal.^ 

10.  It  is  nuieh  easier  to  raise  and  to  keej)  up  steam 
with  briquets  than  witli  run-of-niine  coal.-^ 

11.  Higher  rates  of  combustion  are  ])ossible  witli 
briquets  and  consequently  higher  power.^ 

12.  When  properly  made  there  is  less  loss  from 
breakage  during  transportation  of  briquets  than  of  run-of- 
niine  coal. 

13.  The  danger  of  sjtontaneons  combustion  in  storage 
piles  is  eliminated  if  the  fuel  is  stored  in  the  briquetted 
form,  and  this  characteristic  of  briquets  has  made  bri- 
quetted fuel  favored  for  storage  by  European  countries. 

14.  The  block  shaped  briquets  may  be  piled  in  regu- 
lar piles  and  occupy  less  space  than  the  run-of-niine  or 
slack  from  which  they  were  made. 

15.  Briquets,  especially  those  made  from  lignite, 
have  a  higher  heat  value  than  the  raw  fuel  from  which  they 
were  made,  this  improvement  resulting  from  the  higher 
heat  values  of  the  binder  added  to  bituminous  and  anthra- 
cite coal  to  bri(]uet  them,  and  from  tlie  evaporation  of 
water  from  the  raw  lignite  in  the  case  of  lignite  briquets. 

While  the  United  States  has  been  more  fortunate  in 
the  amount  of  good  bituminous  and  anthracite  coal  which 
it  possesses  than  European  countries,  still  the  time  is  not 
far  distant  when  our  people  must  realize  tliat  if  the  pi'ice 
of  coal  is  not  to  reach  sucli  a  high  figure  that  our  indus- 
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'^  R.ay  &  Kreisingrer.  U.  S.  G.  S.  Bulletin  No.  403.  "Comparative  Tests 
of  Run-of-mine  and  Briquetted  Coal   on  the  Torpedo  Boat  Biddle." 

«  Ray  &  Kreisinger,  T'.  S.  G.  S.  Bulletin  No.  112.  "Test.s  of  Run-of-mine 
and   Briquetted  Coal   in  a   T..ocomotive  Boiler." 
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tries  cannot  compete  with  foreign  industries,  we  will  have 
to  be  more  careful  of  what  is  now  wasted  in  the  process  of 
mining;,  and  then  we  mav  look  for  the  general  adoption  of 
briquetting  as  a  partial  solution  of  the  problem  of  mine 
waste. 


FIRE  TESTS  ON  SAND-LIME  BRICK. 

BY 

T.  E.  Ernest,  Champaign,  Ills. 

INTRODUCTION. 

The  effect  of  heat  on  sand-lime  brick  is  a  question 
which  has  been  of  vital  interest  to  the  manufacturers  of 
brick,  both  sand-lime  and  clay,  for  more  than  a  decade. 
Buildings  will  burn  occasionally,  and  after  the  fire  the 
condition  of  the  remaining  walls  of  a  brick  building  is  of 
no  little  consequence.  Many  opinions  have  been  expressed 
on  this  subject,  and  the  literature  is  full  of  reports  of  the 
good  behavior  of  sand-lime  brick  in  conflagrations.  Some 
experiments  have  also  been  carried  out  along  scientific 
lines  with  a  view  to  determining  the  effect  of  heat  on  this 
material,  but  nothing  of  very  great  significance  has  been 
reported  thus  far. 

The  fact  that  sand-lime  brick  is  a  mass  of  sand  grains 
cemented  together  by  a  bonding  material  of  hydrated  cal- 
cium silicate  leads  one  too  suppose  that,  on  heating,  no 
very  great  change  will  occur  until  a  temperature  is  reached 
sufficiently  high  to  expel  the  combined  water,  and  that 
when  this  has  been  driven  out  there  will  remain  only  a 
mass  of  sand,  lime,  and  finely-divided  silica,  and  that  on 
further  heating  a  point  will  finally  be  reached  where  lime 
and  silica  can  combine  to  form  for  the  sand  grains  a  new 
bond  of  anhydrous  calcium  silicate.  The  result  of  this 
combination  or  vitrification  is,  of  course,  a  silica  brick. 

This  work  was  undertaken  for  the  purpose  of  estab- 
lishing the  truth  or  falsity  of  these  assumptions,  also  to 
determine,  if  possible,  the  temperature  at  which  dehydra- 
tion takes  place  and  to  study  the  effect  of  various  degrees 
of  heat  upon  the  crushing  and  transverse  breaking 
strengths  of  sand-lime  brick. 
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DESCRIPTION  OF  EXPERIMENT. 

Materials:  The  iiuiterials  used  lor  these  tests  were 
two  brands  of  L-oiiimercial  saiid-liiiie  briek  sent  at  our  re- 
quest by  the  manufacturers.  There  could  have  been  no 
selection  by  the  makers  other  than  to  exclude  any  that 
were  chipped  wliich  would,  of  course,  be  highly  desirable. 
More  bricks  were  ordered  than  were  actually  re<]uired  for 
each  test,  so  that  all  those  damaged  in  any  way  might  be 
discarded. 

Apparatus:  The  kiln  used  for  burning  is  one  belong- 
ing to  the  Department  of  Ceramics  of  the  University  of 
Illinois.  It  has  a  caj^acity  such  that  it  will  easily  hold  150 
brick,  and  is  of  the  down-draught  type.  The  fire  gases  pass 
below  and  up  the  back,  then  down  through  tlie  ware,  up 
the  front,  and  over  the  top  to  the  tine.  Oounellsville  coke 
was  used  for  fuel,  and  temperatures  were  measured  by  the 
us  of  a  thermo-couple  of  the  platinum-i-hodium  type.  The 
couple  was  enclosed  in  a  quartz  glass  tube,  which  was  in- 
serted into  a  lire  clay  tube  set  in  the  kiln.  For  the  purpose 
of  measuring  the  crushing  and  cross-breaking  strengths, 
two  100,000  pound  Riehle  testing  machines,  belonging  to 
the  Laboratory  of  Applied  Mechanics,  were  used.  These 
are  exactly  alike,  except  that,  on  the  sIoav  speed,  the  one 
advances  at  the  rate  of  i/-,  inch  per  minute,  while  th(»  other 
is  geared  to  move  only  1-10  inch  per  minute.  The  latter  of 
these  was  used  for  the  transverse  tests. 

Procedure:  (a)  In  burning:  The  procedure  in  burn- 
ing was  as  follows :  The  bj'ick  were  set  in  the  kiln,  the  fire- 
clay pyrometer  tube  put  in  place,  and  a  wicket  built  up  on 
the  evening  ])receding  the  experiment.  The  fire  was  stai*ted 
and  abont  three  or  fonr  lionrs  taken  to  bring  the  tempera- 
ture U])  to  3{)()\,  at  which  temperature  the  first  draw^  was 
made.  The  lieat  was  then  slowly  increased  and  drawings 
of  11  lirick  were  made  at  each  100°  rise  in  temperature, 
until  (he  iiiaxiiiiniii  was  reached.  About  20  honrs  were 
reqnired  for  each  luirn.  When  drawn,  the  brick  were  al- 
lowed to  cool,  then  marked  and  carefnlly  i)acked  so  as  not 
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to  he  iiijni-ed  in  being-  removed  to  the  Lal>oi';itoi-y  of  Ap- 
plied Mechanics,  where  tests  were  made. 

(b)  In  Testing:  These  tests  were  made  according 
to  the  latest  specifications  of  the  American  Society  for 
Testing  ^Materials/  wliich  read,  in  part,  as  follows: 

"Transverse  Test. — At  least  five  bricks  shall  be  tested,  laid 
flatwise  with  a  span  of  7  inches,  and  with  the  load  applied  at 
middle  span.  The  knife  edges  shall  be  slightly  curved  in  the 
direction  of  their  length.  Steel  bearing  plates,  about  V2  inch 
Thick  and  1%  inches,  wide,  may  be  placed  between  the  knife 
edges  and  the  brick.  The  use  of  a  wooden  base-block,  slightly 
rounded  transversely  across  its  top,  upon  which  to  rest  the 
lower  knife  edges,  is  recommended.  The  modulus  of  rupture 
shall  be  obtained  by  the  following  formula: 

_3  We 
^^^2"bd= 

in  which  e  is  the  distance  between  supports  in  inches,  b  is  the 
breadth  and  d  the  depth  of  the  brick  in  inches,  W  is  the  load 
in  pounds  at  which  the  brick  failed. 

Compression  Test. — Compression  tests  shall  be  made  on 
half  bricks  resulting  from  the  transverse  tests.  The  bricks 
shall  be  bedded  flatwise  on  blotting  paper,  heavy  fibrous  build- 
ing paper,  or  felt,  to  secure  a  uniform  bearing  in  the  testing 
machine.  The  machine  used  for  compression  tests  shall  be 
equipped  with  spherical  bearing  blocks.  The  breaking  load 
shall  be  divided  by  the  area  in  compression,  and  the  I'esults 
reported  in  pounds  per  square  inch." 

Method  of  Averaging  Results:  The  result  of  each 
ind*ividnal  test  was  recorded,  but  l)efore  taking  the  mean, 
one  out  of  every  eleven  was  discarded.  The  object  AAas,  of 
course,  to  eliminate  any  test  that  \^■as  noticeably  out  of 
accord  with  the  others.  In  the  case  of  the  transverse  tests 
there  were  several  instances  in  Avhich  more  than  10  per 
cent  had  to  b  discarded  before  taking  the  mean.  In  the  un- 
burned  condition,  tests  were  made  on  22  bricks  in  each 
series. 

'   Rei>oi-t   of   Committee   at   Atlantic   City   Meeting-,    July,    1909:      Pul^lished 
in  Proceedings,  Vol.  IX. 
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RESULTS   OF  SERIES  E. 


Temperature 

Modulus  of 

Compression  lbs. 

Degrees  C. 

Rupture 

per  sq.  in. 

E 

000 

430 

4382 

E 

300 

238 

4980 

E 

400 

145 

4650 

E 

500 

95 

3720 

E 

600 

83 

4440 

E 

700 

68 

4155 

E 

800 

68 

3130 

E 

900 

33 

2050 

E 

1000 

33 

2440 

E 

1100 

26 

2350 

E 

1200 

47 

1310 

B 

1250 

74 

2750 

E 

1370 

554 

3341 

RESULTS   OF  SERIES  F. 

Temperature 

Modulus  of 

Csmpression  lbs. 

Degrees  C. 

Rupture 

per  sq.  in. 

F 

000 
300 

400 
500 
600 
700 
800 
900 
1000 

717 
418 
388 
197 
142 
100 
116 
85 
61 

3430 

F 

3900 

F 

3710 

!                 F 

3340 

H.              F 

3320 

■f                 F 

2640 

r               F 

2400 

V 

1700 

F 

1680 

F 

1100 

37 

1280 

F 

1200 

101 

1670 

F 

1370 

157 

4860 

DISCUSSION  OF  RESULTS. 

The  results  of  this  work  are  best  shown  oraphically. 
In  the  plates,  temperatures  in  degrees  renti grade  are  repre- 
sented as  abscissae,  while  the  ordinates  represent  pounds 
pressure.  It  will  be  noticed  that  the  curves  take  the  same 
general  direction.  The  two  curves  in  Plate  I  represent  the 
crushing  strength  in  pounds  per  square  inch,  while  in 
Plate  II  the  effect  of  heat  on  the  modulus  of  rupture  is 
shown.  It  will  be  noticed  that  the  modulus  of  rupture 
falls  oft'  continuously  until  1100^  is  reached,  from  which 
point  it  begins  to  increase.    The  curves  representing  com- 
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pressioii  ,011  tlic  otlici-  liaiid,  show  a  mai-kcd  inci-casc  at 
300  .  This  can  doubtless  be  exi)hiiiieil  on  the  supposition 
that,  at  this  temperature,  the  brick  are  more  thorou.n'hlv 
dried,  and  that  any  uncondtined  lime  is  chanued  to  the 
carbonate  by  the  fire  gases.  At  500^  the  curves  have  a 
minimum  which  has  not,  as  yet,  been  satisfactorily  ex- 
plained, but  which  may  be  due  to  the  breaking  u])  of  some 
hydrated  calcium  silicate  with  the  subsequent  formation 
of  the  corresponding  carbonate.  The  minimum  at  900^  is 
probably  due  to  the  exj)ulsion  of  COo  at  this  temperature. 
The  final  increase  in  both  compression  and  transverse 
strengths  is  easily  explained  on  the  assumption  that  here 
there  is  a  combination  of  lime  and  silica  to  form  a  bond 
of  anhydrous  calcium  silicate.  It  is  to  be  regretted  that 
higher  temperatures  could  not  be  reached;  however,  it  is 
the  intention  to  determine  at  least  one  other  point  in  the 
neighborhood  of  1300°   C 

The  results  of  tliis  Avork  show  that  in  compression 
strength  sanddime  brick  will  be  damaged  but  little  l)y  any 
ordinary  conflagration.  The  transverse  tests,  however, 
sliow  that  the  depreciation  is  very  nearly  proportional  to 
the  tem])erature,  especially  for  low  temperatures.  It  may 
be  said  in  favor  of  sanddime,  however,  that  in  all  the  spec- 
imens tested  there  was  not  a  sign  of  war]iing  or  shrinkage 
at  even  the  higliest  temperatures,  and  that  at  these  temper- 
atures the  brick  had  a  very  pleasing  appearance,  resem- 
bling very  mncli  a  high  grade  buff  face  brick.  Some  si>eci- 
mens  were  cracked  badly,  and  in  nearly  every  instance  of 
this  kind  there  was  found  a  himi)  of  lime,  in  some  cases  of 
quite  considerable  size,  which  doubtless  explained  it.  In 
transverse  strength,  the  unburncd  brick  and  those  heated 
to  the  highest  temperature  broke  with  a  snap;  at  all  other 
temperatures  the  failure  could  be  detected  only  by  the  drop 
in  the  scale  beam,  and  in  many  cases  the  two  halves  hung 
together  with  (piite  a  little  tenacity.     At  the  higlusst  tem- 


'  Determinations  at  1370   degrofs   made   lat(M-    hy   the   author   and   inserted 
in   tablf  of  results  by  the  editor,   but  not   in   curve  slioets. 
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peratiu-es  readied,  and  also  at  500'  in  the  case  of  one 
series,  the  specimens  failed  in  compression  with  a  crashing 
sonnd,  resemldinii  in  this  respect  a  A'itrified  clay  brick. 

CONCLUSION. 

It  has  been  s1ioa\  n  that  the  effect  of  tire  on  the  strength 
of  sand-lime  brick  is  a  f miction  of  the  temperatnre  reached. 
A  case  can  hardly  be  imagined  where,  in  a  conflagration, 
the  temperature  would  go  high  enough  to  result  in  the 
formation  of  a  true  silica  ))rick ;  so  that  in  considering  this 
material  from  the  standpoint  of  its  ability  to  pass  with 
immunity  through  conflagrations,  only  the  first  halves  of 
the  curves  need  to  be  considered.  In  any  final  conclusion 
as  to  the  relative  merits  of  sand-lime  as  compared  with 
other  brick,  it  must  be  remembered  that  strength  is  but  one 
of  the  many  properties  to  be  considered,  and  that  in  the 
matter  of  condin-tivity,  shrinkage,  coefficient  of  expansion, 
warping,  etc.,  sand-lime  is  in  a  class  by  itself. 


RELATION   OF   ABSORPTION   TO   THE    CRUSHING 
STRENGTH  OF  TERRA  GOTTA. 

P.Y 

R.  F.  Gkady,  St.  Louis,  Mo. 

In  former  experiments  made  by  the  writer  to  deter- 
mine the  criisliing  strength  of  terra  eotta,  results  of  which 
are  published  in  Vols.  X  and  XI  of  the  Transactions  of 
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the  American  Ceramic  Society,  no  attempt  was  made  to 
show  what  effect  absorjjtion  would  have  on  the  strength  of 
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the  material.  The  experiments  set  forth  in  the  following 
tahle  were  made  to  determine  what  this  effect  was. 

The  test  cubes  were  all  made  of  the  same  mixture  of 
light  buff-burning  clay,  and  were  all  set  in  a  small  kiln  and 
heated  up  to  cone  04,  when  four  cubes  were  drawn  and  put 
in  another  small  muffle  heated  to  cone  04  and  held  at  that 
heat.  When  cone  02  fell  four  more  cubes  were  drawn  and 
put  in  muffle.  This  was  continued  until  all  except  four 
cubes  were  drawn  at  cone  6  down.  These  were  left  in  kiln 
until  it  cooled. 

The  curves  of  the  moisture  shown  on  cross  section 
sheet  herewith  shows  a  fairly  uniform  decrease  in  absorp- 
tion as  the  greater  heats  were  reached.  The  pressure  ctirve 
indieats  no  such  regularity. 

Plaster  caps  were  put  on  all  cubes  before  breaking 
them,  and  it  is  the  opinion  of  the  write  that  if  opposite 
faces  had  been  ground  parallel  more  uniform  results  wotild 
have  resultei^. 
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KILN  TEMPERATURES  FROM  COAL  AND 
PRODUCER  GAS. 

BY 

Ellis  Lovejoy  and  T.  W.  Garve,  Columbus,  Ohio. 

The  calcuhitious  einl)odi(;Ml  in  this  pa])er  were  ju-i- 
uiarily  made  for  our  own  information  to  enable  us  to 
answer  numerous  questions  in  regard  to  the  use  of  pro- 
ducer gas. 

These  questions  came  not  only  from  the  brickmaker 
who  had  no  knowledge  of  the  subject,  but  also  from  the 
builders  of  gas  producers  and  from  the  professional  engi- 
neer. 

AVe  had  no  intention  of  putting  the  results  in  the  form 
of  a  paper,  and  only  did  so  at  the  request  of  the  Secretary, 
Avho  must  assume  all  responsibility.  The  paper  is  purel}^ 
hack  work  and  there  is  nothing  original  in  it,  but  it  may 
serve  its  purpose  of  answering  questions  in  regard  to  pro- 
ducer gas  and  the  value  of  the  same  compared  with  coal 
fired  direct. 

The  data  of  the  fuels  are  taken  from  the  United  States 
Geological  Survey,  "Keport  on  Coal  Tests,"  Professional 
Paper  Xo.  48. 

The  method  of  calculation  is  that  used  by  E.  Damour 
in  his  book  "Industrial  Furnaces,"  the  translation  being 
by  A.  L.  Queneau. 

From  this  book  we  take  the  following  table  used  in 
the  calculations: 
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TABLE  I. 
Tliermo-Chemical  Reactions. 


SUBSTANCE 


s> 


REACTIONS 


M    O    S 

U%3 


Hydrogen    

Carbon    

Carbon    

Carbon-monoxide 
Methane    


H, 

C. 

C, 

CO 

CH, 


2 
24 
24 
28 
16 


22.32  H.+y20:f=B.^0 
y2C,+02=COa 

i/2C,+y2  0.,=co 

22.32  CO  +  i/oO.,=CO., 
22.32  CH,-f  20.=C02+2H„0 


058.2* 

097.6 

029.4 

068.2 

195.2* 


*Watei'  as  vapor. 

We  have  ouIt  taken  that  part  of  the  table  which  is 
used  in  our  calculations,  and  for  the  complete  table  refer- 
ence is  had  to  the  above  mentioned  book. 

In  the  hydrogen  and  hydro-carbon  gases  the  water 
resulting  from  combustion  is  considered  as  vapor  and  the 
calories  taken  accordingly.  If  the  resulting  water  vapor 
passes  into  water,  the  resulting  calories  would  be  increased 
by  the  latent  heat  in  the  water  vapor,  but  in  kiln  work  any 
moisture  entering  the  furnaces  will  be  converted  into  vapor 
and  remain  as  such  until  expelled  from  the  kiln.  There- 
fore our  calculations  will  be  on  this  basis. 

The  following  table  also  taken  from  "Industrial  Fur- 
naces," gives  the  "Thermal  Capacity  of  Clases  per  Molecu- 
lar Volume,"  or  in  other  words  it  gives  the  number  of 
calories  that  will  be  required  to  raise  unit  volumes  of  the 
combustion  gases  to  the  several  temperatures  shown  in 
the  table. 
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TABLE  II. 
Thermal  Capacity  of  Gases  per  Molecular  Volume. 


Tempcraidrts 

O,.  N.,,H,.  CO 

H,0 

CO2 

CH4 

0°C     

00.00 
1.39 

5.82 

7.43 

9.05 

10.73 

12.46 

14.21 

00.00 
1.73 

8.23 
10.98 
13.87 
17.00 
20.35 
23.86 

00.00 

1.85 

9.18 
12.22 
15.55 
19.18 
23.10 
27.21 

00.00 

200°    

2  19 

800°     

11.46 

1000°    

15.77 

1200°    

20  37 

1400°     

25.44 

1600°    

30.99 

1800°     

36.86 

With  these  two  tables  the  heat  cahnilation  becomes 
quite  simple  though  tedious. 

The  following  example,  using  Texas  Coal  No.  2,  will 
illustrate  the  method  of  calculation  : 


Coal  - 

Ultimate  Anali 

sis 

Producer  C'as  — 

Bv  Vol 

Lire 

H,    . 

.      6 
.    42 

'.    42 
7 

79 
52 
79 
53 
09 
28 

CO. 
CO 

o.. 

N..    . 

H., 

CH, 

9 

18 

57 
9 
4 

60 

C.    . 

N..    . 
S„     . 

22 
20 
53 

o.   . 

Ash 

63 

81 

100 

00 

99 

99 

The  coal  analysis  in  every  case  is  that  corrected  to 
sample  as  receiyed  by  the  Suryey,  and.  in  the  majority  of 
cases  is  the  car  sample. 

The  producer  gas  giyen  in  the  Suryey  report,  being  for 
engine  use,  was  cooled,  scrubbed,  etc.,  and  does  not  repre- 
sent the  gas  as  it  comes  from  the  producer  and  as  we  would 
use  it  in  kiln  work,  particularly  in  moisture  content. 

We  haye  therefore  corrected  the  gas  analysis  for 
moisture,  using  the  data  giyen  in  the  same  report  wherein 
the  cubic  feet  of  gas  from  coal  as  fired  and  from  dry  coal 
is  given. 

For  instance,  in  the  Texas  No.  2  coal  \ye  find  that  each 
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poiiud  of  coal  as  lired  i;ave  34.2  eu.  ft.  of  gas,  while  dry 
coal  gave  51. (J  en.  ft.  of  gas.  Fi-oni  these  figures  Ave  deter- 
mine that  the  gas  as  it  came  from  the  producer  should 
have  33.72%  of  moisture,  which  happens  to  be  the  actual 
percent  of  moisture  in  the  coal  as  shown  by  the  proximate 
analysis. 

Correcting  the  gas  analysis  to  introduce  this  moisture 
we  get  the  following  composition  for  the  produc(^r  gas: 

I  We  have  at  the  same  time  rednced  the  analysis  to 
one  volume  for  the  jmrpose  of  our  calculation.) 

CO 0636 

CO  1208 

0 0013 

H" 0638 

n;  3813 

CH,  0319 

H,0  3372 

.9999 

The  available  calories  are  ligure<l  as  follows: 


.121  vol.   CO       X      68.2. 
.064  vol.  H„        X      58.2. 
.032  vol.  CU,     X    19',. 2. 
1.85 

.064  CO.   X   

2 

.121  CO     

.001  Oj    

.064  H 

.381  N 

1.39 

.567    X   


Calories  Available 
as  Latent  Heat 


6. 


Caluries  as  Sensible 

Heat.      Temperature 

100°  C.  Assamed 


.06 


2 

2.19 
032  CH,    X                 

.04 

2 
1.73 
.337  H..O    X 

.29 

2 

Available    Calories    

18 .  22 

.78 

Total 19.00 
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M'e  liave  assumed  that  the  gases  enter  the  fnniaee  at 
300°C.  or  higher  temperatures,  in  order  to  maintain  the 
water  as  vapor. 

This  eah-ulation  gives  us  the  total  (•ah)ries  whicli  can 
be  obtained  from  combustion  of  one  volume  of  gas,  includ- 
ing the  sensible  heat  carried  in  by  the  gas. 

If  we  wish  to  introduce  any  radiation  loss,  we  deduct 
the  percent  of  loss  from  the  above  total  available  calories. 

We  next  (b'termine  the  oxygen  requirements  as  fol- 
lows : 

CO    requires  one  half  vol 060 

H,,     requires  one  half  vol 032 

CH4  requires  two  vols 064 

Total   oxygen    156 

Less  oxygen  in  gas 001 

Oxygen  required    155 

Multiply  by  3.S    (N,) 590 

Total    air    required .' 745 

Add  to  this,  or  rather  determine  it  as  a  scparati'  item, 
whatever  air  excess  we  wish  to  inti-oduce. 

AVe  now  have  to  determine  the  thermal  consnmjytion 
of  the  products  of  combustion,  using  for  this  pur])()se 
Table  II,  which  gives  the  thermal  cai)acities  for  various 
temperatures. 

This  calculation  is  as  folloAvs: 
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1400° 


From 

CO, 

rzz 

.064 

From 

CO 

^ 

.121 

From 

CH, 

= 

.032 

lis 

U9 

Total 

CO; 

^ 

.217  X 

18 

From 

N„ 

= 

.381 

From 

Air 

=: 

.590 

From 

Air   Excess 
N„  and  Air 

X 

S    9 

)io 

Total 

.971 

05 
73 

From 

H, 

— - 

.064 

From 

CH, 

r=r 

.064 

From 

H,0 
H,0 

— 

.337 

il3 

U7 

Total 

.465 

X 

87 
00 

4.16 


10.42 


.91 


22.49 


It  is  eA-i(leiit  that  with  19.00  avaihible  calories  as 
foniid,  the  lieat  absorption  of  the  products  of  combustion 
will  permit  a  kiln  temperature  of  between  1200  and  1400 
degrees, — nearer  the  former.  The  determination  of  the 
actual  temperature  from  these  figures  is  only  a  matter  of 
simple  arithmetic. 

If  we  consider  radiation  losses,  we  must  reduce  the 
available  calories  accordingly,  and  if  we  introduce  any  air 
excess  we  increase  the  heat  consumption  of  the  waste 
gases, — both  of  these  elements  tending  to  lower  the  pos- 
sible kiln  temperature. 

The  calculations  for  the  coal  follow  ])ractically  the 
same  lines,  but  in  this  case  we  are  dealing  with  weights 
instead  of  volumes  of  gas. 

We  made  two  sets  of  calculations  for  the  coal, — find- 
ing that  our  first  calculation  introduced  a  serious  error. 

In  our  first  determinations  we  took  the  calories  of  the 
coal  as  determined  bv  the  survev  for  the  available  calories. 
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Then  we  determined  the  products  of  combustion  as 
folloAvs :  X 

42.52  C, 


12 

6.79  H, 
~2 

.79  N, 
"28 

42.09  Oj 
~32         " 


gives  3.540  Vols.  CO, 

gives  3.390  Vols.  H,0 

gives  0.028  Vols.  N, 

gives  1.310   Vols.  O, 


OXYGEN  REQUIREMENT. 


For  CO. 
For  H„6 


3.54 
1.69 


Total  5.23 

Less  Oxygen  in  Coal     1.31 


Total    Oxygen 
Multiply    X    3.8 

Total  Air 


3  92 
14.92   (Nitrogen) 

18.84 


We  liave  now  only  to  determine  the  tliermal  consum})- 
tion  as  follows : 


1800° 


2000^^ 


CO,                —    3.54  X 

^27.21 
/ 31.84 

96.32 

112.71 

N,                  =14.92 
Na  in  Coal             .  028 
Air   Excess    

1  14.21 
1 16.05 

212.44 

239.95 

14.95  X 

R.O                =    3.39  X 

(23.86 

80.89 

94.11 

127.76 

389.65 

446.77 

The  calorific  value  as  .uiven  bv  tlie  survey  is  4082,  or 
for  one  hundred  iLirams,  wliicli  is  tlie  basis  of  onr  calcula- 
tion, 408.2. 
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We  iiiiiiicdiately  see  that  the  po!<sil)le  kiln  tempera- 
ture iiiKlei"  perfect  combustion,  with  no  radiation  loss,  will 
be  between  1800  and  2000  degrees  C. 

The  error  which  this  method  introduced  comes  from 
the  fact  that  the  calories  as  determined  by  the  Survey 
include  the  latent  heat  of  the  water  vapor,  since  the  gases 
are  cooled  below  the  dew  point,  while  in  our  kiln  tempera- 
tures the  moisture  remains  as  vapor.  To  correct  this 
error  and  get  nearer  the  truth,  we  had  to  calculate  the 
availa])le  calories  direct  from  the  ultimate  analysis.  To 
do  this  it  became  necessary  to  eliminate  the  oxidized  ele- 
ments, since  they  would  not  be  available  for  any  combus- 
tion. AVe  have  assumed  that  all  the  oxygen  in  the  ultimate 
anah'Sis  is  in  combination  with  hydrogen.  This  may  not 
be  true,  but  we  know  that  a  large  part  of  the  oxygen  repre- 
sents moisture,  and  any  remaining  oxygen  represents 
oxidized  elements,  and  we  are  not  introducing  any  large 
error  in  assuming  that  all  the  oxygen  is  combined  with 
hydrogen. 

Our  calculation  for  available  calories  then  becomes 
as  follows: 

1.31  vols.  (),  Avill  form  2.02  vols.  II.O. 

This  from  3.39  leaves  .77  volumes  H-..0,  in  which  the 
hydrogen  is  available  for  combustion.  3.54:  volumes  CO2 
is  the  equivalent  of  the  same  volume  of  <-arbot\,  and  .77 
volumes  H^.O  represent  .77  volumes  of  Ho. 

Our  calculation  becomes  as  follows: 

3.54X97.6=345.5 
0.77X58. 2=044. 8 


390.3  Available   Calories 

against  10S.2  as  detei-mincd  l)y  the  Survey. 

The  thei-mal  consumption  will  be  the  same  in  either 
case,  and  if  will  be  seen  that  the  possible  temperature 
from  this  coal  under  perfect  combnstion  and  with  no  radi- 
ation loss,  will  be  slightly  above  1800  degrees  C 

The  elements  which  affect  kiln   t('ni])eratni"es  besides 
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the  calorific  value  of  the  fuel  aud  the  thermal  requirement 
of  the  products  of  combustion,  are  radiation  losses  and 
excess  air  to  insure  complete  combustion.  Perhaj^s  we 
should  also  include  moisture,  although  this  properly  be- 
h»nns  with  the  fuel  calculation  except  in  cases  where 
extraneous  water  is  introduced  1>t  wetting  the  fuel,  as  is 
'iften  done,  or  by  introducing  steam  to  form  water  gas. 

It  is  not  our  intention  to  take  up  this  question  of 
water  introduction.  Our  Table  III  will  show  that  the  ad- 
dition of  water  as  water  will  lower  the  possible  kiln  tem- 
perature. 

It  may  be  said  that  the  use  of  steam  to  form  water 
gas  may,  under  certain  conditions,  give  a  higher  kiln  tem- 
perature than  can  be  ol>tained  from  the  coal  alone.  We  do 
not  wish  to  be  understood  that  any  calorific  value  can  l)e 
had  from  the  use  of  steam.  It  introduces  no  calories 
except  the  latent  heat,  which  is  insignificant,  and  conse- 
()uently  can  develop  no  calories.  But  it  may  change  the 
relation  betAveen  the  available  calories  and  the  thermal 
requirements  of  the  products  of  combustion,  so  that  a 
higlier  temperature  becomes  possible. 

Carlwinic  oxide  has  a  highei'  calorific  intensity  than 
(  arbou  and  carbon  higher  than  hydrogen  under  conditions 
of  perfect  combustion.  Tarlmnic  oxide  and  hydrogen  each 
require  one  half  volume  of  oxyuen  for  combustion,  while 
carbon  requires  one  volume. 

Now  if  we  are  introducino  thirty  to  fifty  percent  ex- 
cess of  air,  necessary  for  perfect  combustion,  we  introduce 
twice  as  much  for  carbon  as  we  do  for  either  carbonic 
oxide  or  hydrouen,  and  this  doul)le  volume  of  excess  air 
reduces  tlie  calorific  intensity  that  can  be  had  from  the 
carbon,  and  carbon  ranks  below  hydrogen  as  well  as  below 
carbonic  oxide.  In  other  words,  we  can  perfectly  burn 
carbonic  oxide  and  hydrogen  with  less  excess  of  air  than 
would  be  nec(^ssary  to  bui'ii  carbon,  and  this  lowei'  excess 
of  air  will  enald<»  us  to  uct  a  hiuhci-  kiln  tcmiK'ratnrc  with 
the  same  total   calorii^s. 
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111  (liscnssiiiu  kiln  teiiijK'ratnres  it  would  he  i»('rtiiient 
to  consider  the  size  and  character  of  furnaces,  draft,  etc., 
but  these  are  mechanical  features  and  theoretically  are 
without  effect. 

One  pound  of  coal  will  have  the  same  flame  tcin^iera- 
ture  as  a  tliousaii<l  pounds,  and  will  heat  a  kiln  to  the  same 
temperature  if  there  are  no  losses  of  heat.  \A'lieii,  how- 
ever, we  consider  the  radiation  losses,  then  the  volume  of 
fuel  cuts  a  lariie  figure.  If  we  are  firinii'  one  hundred 
pounds  per  hour  and  the  radiation  loss  is  one  liundre<l 
pounds  for  the  same  period,  we  can  get  no  kiln  temperature 
whatever,  because  the  radiation  loss  is  lOO'/r.  If  we  fire 
two  hundred  pounds  per  hour  the  radiation  loss  is  only 
50%  ami  we  have  some  fuel  available  for  kiln  tempera- 
tures. Four  hundred  pounds  per  hour  reduces  the  radia- 
tion loss  to  25%  plus,  of  course,  any  additional  radiation 
loss  on  account  of  the  increased  kiln  temperature. 

The  furnace  problem  is  therefore  inclmh'd  in  the 
radiation. 

We  have  seen  kilns  which  required  all  the  skill  and 
ingenuity  of  the  burner  and  considerable  time  to  get  the 
required  heat  in  the  kiln,  simply  because  the  furna<e 
power  was  insufficient,  and  the  heat  generated  in  the  fur- 
naces was  carried  away  by  radiation.  We  have  had  in- 
stances in  our  experience  when  it  was  necessary  to  daub 
up  the  sides  of  the  kiln  and  cover  the  crown  with  clay  in 
order  to  get  the  desired  temperature.  ^Ve  had  one  instance 
where  it  was  simplj^  impossible  to  get  the  heat  to  the 
desired  temperature  on  account  of  lack  of  furnace  power, 
or  rather  excessive  percentage  of  radiation. 

Radiation  loss  is  a  fixed  factor  for  each  temperature 
and  should  be  measured  in  pounds  of  fuel  rather  than  in 
percents.  Six  furnaces  may  bring  up  the  temperature  of 
a  kiln  until  radiation  loss  prevents  further  advance.  If  a 
seventh  furnace  is  put  on,  none  of  its  fuel  is  required  t-) 
maintain  the  radiation  loss,  and  the  calories  produced  are 
availalde  to  increaes  the  temperature  until  the  increased 


104  KII.X    TKiMPERATURES    FROM    COAL    AND    PRODUCER    GAS. 

radiation  loss  calls  a  halt.  An  eij^litli  funiacc  will  still 
further  advauce  the  temperature,  and  so  on  until  the  full 
}M'actical  value  of  the  fuel  is  obtained  in  kihi  tenij)eratures. 
The  radiation  loss  in  pounds  of  fuel  is  iucreasinii;  with  the 
advancing;  temperatures,  but  in  i)ercent  is  deci-easinj;  as 
eacli  additional  furnace  is  ])ut  on. 

AVe  recall  a  remark  made  to  us  by  a  uuMid»er  of  this 
Society  several  years  ago,  to  the  effect  that  if  he  conld  he 
would  have  a  solid  ring  of  fire  around  his  kiln. 

American  kiln  constructiou  practice  is  xi'vy  chary  of 
furnace  power  aud  we  need  to  ovei-haul  our  designs  in  this 
respect,  and  the  result  will  be  quicker  burns  and  a  decided 
saving  iu  fuel  on  many  yards. 

There  is  no  data  from  which  we  can  accui-ately  figure 
the  radiatiou  losses  of  kilns,  but  we  are  inclined  to  think 
they  are  much  greater  than  usually  estimate<l.  If  this 
could  be  investigated  and  lu'ought  to  the  attention  of  clay 
workers,  it  would  undoubtedly  lead  to  better  kiln  con- 
struction. 

In  Prof.  Bleininger's  ])aper,  '^A  Study  of  Heat  Distri- 
bution in  Four  Industrial  Kilns,"  published  in  Vol.  X, 
Am.  Cer.  Soc.  Trans.,  the  heat  lossc^s  taken  nj)  by  the  kilns 
and  lost  by  radiation  were  as  follows: 

Round   down  draft  brick  kiln 49 .  61% 

Terra  Cotta  muffle  kiln 33 .  30 

Round  down-draft  paving  brick  kiln 54.90 

Terra  Cotta  muffle  kiln 59 .  73 

Rectangular  sewer  pipe  kiln 71.10 

Average  loss  for  each  kiln,  53.7%. 

An  average  down  di-aft  kiln  will  re^piire  abont  one 
hundre<l  thousand  bricks  to  build.  The  int(M-nal  tcinpera- 
tnrc  in  the  above  kilns  was  abont  110(1  dcg.  (\,  and  if  we 
assnme  that  the  outside  wall  tem])erature  was  LNM)  degrees, 
A\'e  get  an  average  wall  tem])eratnre  of  050  degi-ees. 

100,000  (brick  in  kiln)   X  6  (wt.  of  bricks)   X  .2  (sp.  ht.)    X  65(1  (temp.) 

2.2  (to  reduce  to  kilograms) 
=  3,550,000  ealories  absorbed   by  Ihe  kiln. 
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Tlie  total  fii(4  cliariicd  to  tlio  kilns  and  radiation 
losses,  averai'es  248,000,000  calories  per  kiln.  From  these 
figures  Ave  find  that  abont  one  and  one  lialf  percent  was 
taken  up  by  the  kiln  walls,  leaving  over  50%  to  be  ac- 
cotinted  for  by  radiation. 

A  recent  article  in  Tonindnstrie-Zeitung  gi^es  a  radi- 
ation loss  of  32%  for  a  continuous  kiln. 

These  figures  are  startling,  and  if  we  Avere  to  accept 
thcni  withont  (pialification,  our  calculations  would  show 
tliat  it  would  ]>e  impossible  to  i^et  temperatures  recjuired 
for  ceramic  work  from  any  fuel.  We  could  get  practically 
flame  temperature's  in  the  furnaces,  but  in  the  ci-oavu  of 
the  down  draft  kiln  the  radintion  loss  would  l)e  heavy  and 
rapidly  cool  down  the  combustion  gases,  and  this  cooling- 
process  Avould  continue  in  greater  or  less  degree  to  the 
bottom  of  the  kiln.  In  figuring  possiltle  kiln  temperatures 
Avc  take  the  coolest  ])a)-t  of  the  kiln. 

It  must  be  i-emembered  that  radiation  loss  is  a  factor 
of  the  kiln  and  the  temperature  and  not  a  factor  of  the 
fuel.  It  should  not  be  figured  in  percent  of  the  fuel,  l)iit  iu 
pounds  of  fuel,  and  is  a  fixed  (pmntity  for  each  tem]K:'ra- 
ture. 

To  get  higher  kiln  temperatures,  it  becomes  necessary 
to  increase  the  fuel  consumption  in  the  furnaces  at  a 
greater  rate  than  \\\U  be  re<]uired  to  provide  for  the  in- 
«  reasing  radiation  loss,  or  in  other  words  to  lower  the 
percent  of  radiation  loss.  AMiile  the  total  radiation  loss 
may  be  50%,  yet  when  Ave  are  getting  the  finishing  heats 
in  our  kilns  we  are  burning  fuel  at  such  a  rate  that  the 
radiation  loss  is  mucli  less  than  50%  for  the  tinu^  being. 
We  haA'e  assumed  a  radiation  loss  of  20%  in  our  calcula- 
tions of  kiln  temperatures. 

Excess  air  loAvers  the  kiln  tem])erature  simply  by 
using  up  aA'ailable  calories  in  l)eing  heated  to  the  kiln 
temperature.  It  brings  no  calories  into  the  kiln,  aiid  on 
tlic  contrary  takes  a  good  many  out. 

Tlic  ash  <tf  a  cr)al  is  a  factoi-  wliidi  docs  not  ciilcr  iiilo 
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the  theoretical  consideration  of  available  kiln  tempera- 
tures. A  coal  mi^ht  contain  fifty  perci'nt  of  asli  and  yet 
give  the  same  kiln  tem])erature  as  an  absolutely  i)nre  coal, 
since  it  is  only  necessary  to  burn  two  pounds  of  it  to  jjet 
the  same  value  as  from  one  pound  of  pure  coal.  While  ash 
does  not  affect  the  calorific  intensity,  it  is  an  important 
matter  in  calorific  value,  and  all  coals  should  be  bouj»ht  on 
the  basis  of  the  calories  contained  in  them.  From  a  purely 
practical  standpoint,  the  hij»h  ash  content  may  affect  kiln 
temperatures,  since  it  is  more  difficult  to  burn  such  coals 
and  keep  within  the  minimum  allowance  of  excess  air,  and 
the  heat  lost  in  rustling  and  cleaning  the  fires  must  be 
taken  into  account. 

In  Table  III  we  have  taken  the  producer  gas  analysis 
of  Texas  No.  2  coal  without  making  any  corrections  for 
moisture,  and  it  shows  the  temperatures  which  can  l>e  ob- 
tained from  this  gas  under  varying  conditions.  The  first 
line  shows  temperatures  from  cold  gas  with  no  moisture, 
and  the  subsequent  lines  are  for  gas  heated  to  500  and  100 
degrees  respectively,  and  at  the  same  time  introducing  in- 
creasing percentages  of  moisture.  The  500  degree  gas 
temperatures  show  the  advantage  of  taking  the  gas  hot 
from  the  producer  and  thus  saving  the  initial  heat.  It  may 
be  remarked  that  there  is  a  distinct  advantage  in  working 
the  producer  hot,  not  because  of  the  initial  heat  alone,  but 
the  hotter  the  producer,  up  to  a  thousand  degrees,  the 
higher  will  be  the  percentage  of  CO.  It  is  said  that  the 
tendency  of  CO  to  crack  and  deposit  carbon  with  resulting 
CO2  is  greater,  the  lower  the  temperature,  but  at  1000  de- 
grees the  tendency  is  practically  nil.  If  this  is  true,  then 
producer  gas  for  ceramic  work  will  show  up  much  better 
if  worked  hot,  and  the  producer  is  so  placed  that  the  initial 
heat  may  be  saved.  We  do  not  know  what  practical  diffi- 
culties may  be  in  the  way  of  working  the  producer  hot. 

The  vertical  columns  show  varying  percentages  of  air 
from  that  required  for  perfect  combustion  to  that  of  100% 
excess,  the  air  being  alternately  cold  and  heated  to  1000 
degrees,  and  radiation  losses  from  nothing  to  20%. 
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The  first  three  coliinms  have  uo  excess  air,  and  if  the 
gas  can  be  perfectly  burned  under  these  conditions,  and 
the  radiation  loss  does  not  exceed  20%,  we  can  get  the 
temperatures  given  in  column  3,  Avhicli  are  around  cone  1. 

Gas  has  the  advantage  over  coal  in  that  greater  vol- 
umes of  it  can  be  burned  in  a  given  time,  thus  reducing  the 
jjercent  of  radiation  loss,  but  even  then,  we  cannot  get  the 
temperatures  which  are  obtained  from  the  coal  fired  direct. 

Fired  under  the  same  conditions  as  the  coal,  the  gas 
gives  a  much  lower  temperature.  \\'e  doubt  if  it  is  prac- 
ticable to  burn  the  gas  with  the  theoretical  amount  of  air 
which  would  rule  out  the  first  three  columns,  and  it  is  still 
more  doul»tful  if  the  radiation  loss  can  be  kept  below  20%, 
which  rules  out  all  columns  up  to  8.  Columns  S  and  0,  it 
seems  to  us,  would  be  commercial  conditions,  and  with 
30%  of  moisture  which  this  particular  coal  contains,  the 
possible  temperatures  would  be  less  than  cone  1  even 
though  we  save  the  500  degrees  of  initial  heat. 

In  continuous  kiln  work  Ave  could  perhaps  get  the 
conditions  in  column  (J  which  would  give  very  satisfactory 
temperatures,  but  these  temperatures  are  lower  than  could 
be  had  from  coal  under  the  same  conditions,  as  will  l>e 
seen  by  referring  to  column  3  in  Table  IV,  in  wliich  tlie 
air  excess  is  50%  instead  of  25%. 

If  columns  8  and  9  in  Table  III  ai-e  commercial  condi- 
tions, column  8  would  apply  to  continuous  kilns  since  the 
air  is  always  preheated,  and  column  0  would  apply  to 
periodic  kilns. 

AVith  a  coal  containing  30%  moisture,  wo  could  get  a 
temperature  of  1382  in  the  continuous  kiln  and  040  in  a 
periodic  kiln.  A  coal  containing  less  moisture, — let  us 
say  107i, — would  give  temperatures  of  1535  and  1110  re- 
spectively. 

This  table  Avas  prepared  some  time  ago  without  any 
thought  of  publishing  it,  but  simply  to  enable  us  to  ansAAcr 
some  of  the  (piestions  fre(|uently  asked,  and  we  think  it 
ansAvers  conclusively  the  incpiiry  in  rcgjird  to  tlie  use  of 
]M-(>(liic('i-  gas  ill  ])('ri(><lic  kilns. 
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it  is  impossible  to  f/cl  temperatures  siifficicnili/  high 
for  ceramic  work  from  producer  f/as  hiiriicd  in  inriodir 
lilns  under  ordiuarij  comuicrciul  conditions. 

TABLE   IV. 
Kiln  Temperatures  from  Texas  Lignite  No.  2.     In  °  Centigrade. 
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Table  I\  j.^iv('s  tlie  results  of  the  calculations  f(»r  tli<' 
eoal  fired  direct,  but  it  niav  be  noted  that  these  results  are 
somewhat  high  since  we  took  the  calories  as  determined  by 
the  Survey  for  our  calculations  which,  as  previously  noted, 
gives  results  too  high  on  account  of  the  calories  in  the 
latent  heat  of  the  water  vapor. 

Tin's  has  been  corrected  in  I'ig.  G. 

AYe  have  made  no  calculations  showing  the  fuel  value 
of  the  gas  compared  with  the  coal,  but  it  goes  without  say- 
ing that  we  cannot  burn  the  fnel  and  kee]>  it  at  the  same 
time. 

From  one-thii'd  to  one-half  of  the  carbon  in  the  coal 
is  represented  by  carbonic  dioxitb^  in  the  gas,  and  the  heat 
generated  by  this  coinlmslion  a]>|)c.irs  as  initial  heat  in 
the  gas. 

From  one-half  to  two-thii-ds  of  the  carbon  bcci^nn's 
carbonic  monoxide  in  the  gas,  and  roughly  om'-rhii-d  of  tlu' 
fuel  value  of  the  carbon  (herein  is  used  n]>  in  this  iKCtial 
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combustion  niid  bccoiiics  initial  lieat.  Thus  perhaps  fifty 
percent  of  tlic  cai-l»on  in  the  coal  IxM-onies  initial  heat,  and 
if  we  allow  the  lias  to  viX)],  all  of  this  is  lost.  In  addition 
to  this  there  is  the  loss  in  deposited  carbon  due  to  the 
crackinj»'  of  the  sases,  besides  the  tarrv  products. 

This  answers  another  inquiry  that  we  get. 

There  /.y  no  economy  iii  producer  gas  over  direct  coal 
firiiif/  considered  front  the  fuel  standpoint, — finite  the  con- 
trary, there  is  a  decided  loss. 

Satisfactory^  temperatures  from  producer  <i,as  can  only 
be  had  in  regenerative  kilns,  and  the  use  of  gas  in  any  case 
will  result  in  some  loss  of  fuel  over  direct  firing. 

Better  ware,  better  heat  distribution,  economical 
handling  of  coal  and  ash,  are  considerations  which  alone 
will  warrant  the  use  of  producer  gas. 

Fig.  5  shoAvs  the  producer  gas  kiln  temperatures 
which  can  be  had  from  seventeen  coals  given  in  the  U.  S. 
Keport.  These  have  all  been  corrected  for  moisture,  as 
indicated  in  the  beginning  of  this  paper,  and  they  are  all 
figured  on  the  basis  of  cold  gas  (100  degrees). 

We  have  connected  the  points  into  a  curve  simply  the 
better  to  follow  them  from  point  to  point. 

In  this  series  we  have  assumcKl  a  radiation  loss  of  20% 
and  an  air  excess  of  25%. 

The  coals  are  arranged  in  the  order  of  the  tempera- 
tures obtaint^l  from  the  gases.  The  lower  curves  on  the 
sheet  show  the  percentages  of  CO,  Hg  and  CH4,  superim- 
posed so  that  the  upper  line  shows  the  total  percentages  of 
combustibles. 

In  this  figure  the  Indian  TeiTitory  coal  ranks  first,  yet 
the  total  combustible  gas  is  gi'cater  in  AYest  Virginia  No. 
12.  The  Indian  Territory  'ojil  has  a  very  high  percentage 
of  CO,  which  has  a  higher  calorific  value  than  either  Ho 
or  CH^.  The  others  fall  nicely  into  line  except  perhaps 
IMontana  No.  1,  Illinois  No.  ?>,  Coloi-ado  No.  1,  and  North 
Dakota  No,  2.  ^[ontaiia  shonld  perhaps  have  a  higher 
Tank  but  the  moisture  is  i-ather  hiuh,  which  holds  it  doMii. 
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The  low  position  of  Colorado  No.  1  is  duo  to  moisture,  and 
likewise  North  Dakota  No.  2.  Illinois  Xo.  3,  it  seems  to 
us,  should  ccmie  above  Illinois  Xo.  4  and  Indiana  X'o.  1, 
and  we  cannot  explain  wliv  it  does  not. 

We  consider  the  particular  arrangement  of  the  coals 
of  small  moment, — probably  another  set  of  tests  would 
bring-  al)Out  a  rearrangement  in  some  measure,  though  the 
high  moisture  coals  will  necessarily  occupy  a  low  position. 
The  feature  of  importance  is  that  we  cannot  get  high  tem- 
peratures from  cold  producer  gas  burned  with  cold  air. 

Fig.  6  shows  the  values  from  the  coals  fired  direct. 
The  upper  curve  is  the  value  from  tlie  coal  based  on  the 
calories  as  determined  by  the  Survey,  and  the  values  are 
too  high  by  the  latent  heat  of  the  water  vajjor,  as  pre- 
viously explained.  We  discovered  this  Avlien  we  plotted 
the  values  for  carbon  and  liydrogen  burned  under  tlie  same 
conditions.  A  coal  made  up  of  hydrogen  and  carl)on  could 
not  give  a  higher  temx>erature  than  the  pure  elements  or  a 
mixture  of  them. 

We  also  have  put  on  this  sheet  the  values  from  Fig.  5 
in  order  to  compare  the  producer  gas  values  with  the 
coal  values,  and  the  sheet  also  shows  one  coal  calculated 
for  various  percentages  of  radiation  loss. 

Itegarding  temperatures  from  C^,,  CO,  Ho,  and  CH4,  it 
will  be  noted  that  CO  has  the  highest  calorific  intensity. 
The  values  for  complete  combustion  with  no  radiation  loss 
nor  excess  air  are  as  follows : 

CO    2140 

C 2080 

H,    1970 

As  we  introduce  air  on  a  percentage  basis  carbon 
gradually  approaches  and  falls  below  hydrogen,  and  it 
happens  in  our  calculations  that  with  25 9^  excess  air  these 
two  elements  give  practically  the  same  temperature. 

The  falling  off  of  the  carbon  value  is  due  to  the  fact 
tliat  carbon  requires  one  volume  of  oxygen  while  hydrogen 
reijuires   only   one-half   volnme.      This   (bnibh>   volume   of 


112 


KILN    TEMPERATURES    FROM    COAL    AND    PRODUCER    GAS. 


Co 
o 
o 


/  c  m  -"i  e  T  cc 


—     -     r>> 


■t 


(y  f^   e  s5 


o 


iV.  Virgima/2. 
\V.Vhym/a  L 
-Hansas  5. 
IV.  viroiniaS. 
■fMabama  2. 
lllmo/s3.     " 
■tncl.  Terry  L  o 

Indiana  /. 

MibSovriZ. 

■llU'vot'^  4-. 

Iowa  2.  . 

W/yomi'nof^. 

Montana/. 

Colorado/. 

Texas  z. 

-N.-DaKotaZ.  r 
< 

(. 
0 

/({moi's  3 .    -< 


KILX    TEMPERATURES    FROM    CO.VL    AND    PRODUCER    GAS.  lift 

oxYgeu  Avitli  its  attendant  nitrogen  as  the  percent  excess 
increases  cuts  down  the  caloritic  intensity  of  tlie  carbon  at 
a  greater  rate  tliau  that  of  the  liydrogen. 

In  conclusion  we  wish  to  anticipate  a  question  which 
has  been  confronting  us.  If  the  low  temperatures  which 
our  calculations  show  for  coal  lired  under  commercial 
conditions  are  correct,  and  it  is  possible  that  the  radiation 
loss  may  be  much  greater  than  we  have  estimated,  hoAv  is 
it  possible  for  the  manufacturers  of  silica  bricks  ,to  burn 
their  product  to  cone  26  in  the  bottom  of  down-draft  kilns? 
We  have  yet  to  see  such  heat  in  a  kiln,  but  we  know  that 
several  manufacturers  claim  to  get  such  heats  in  the  bot- 
tom of  their  kilns.  The  furnaces  on  such  kilns  are  very 
•ep  and  carry  lieaA'y  beds  of  fuel.  The  combustion  is  car- 
ried on  with  less  than  the  theoretical  amount  of  air,  for  it 
is  a  practical  fact  that  we  can  get  higher  temperatures 
with  less  than  lOO^o  of  air  than  with  an  air  excess,  proba- 
bly because  we  can  keep  nearer  the  100%  mark  by  erring 
on  the  lower  side.  During  the  finishing  stages  the  fur- 
naces are  crowded  to  their  utmost  limit,  thereby  reducing 
the  percent  radiation  loss  to  a  minimum.  In  this  way  a 
kiln  temperature  approximating  the  theoretical  flame  tem- 
perattire  of  the  fuel  can  be  obtained.  Several  years  ago 
one  manufacturer  introduced  in  down  draft  kilns  a  method 
of  preheating  the  air,  together  with  forced  draft  and  some 
water  gas,  but  we  do  not  know  what  the  success  of  the 
method  has  been. 

Forced  draft  shotild  be  a  decided  advantage  in  that  it 
greatly  increases  the  rate  of  ftiel  consumption  and  ther-eby 
lowers  the  percent  radiation  loss. 
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CONES     HIGHER     THAN     THE     ENGLISH 

POTTER? 

A   COMPARISON   BETWEEN    AMERICAN    AND 

ENGLISH  EARTHENWARE  BODIES. 
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Kende  EleoDj  Trenton,  N.  J. 

Every  earthenware  manufacturer  in  the  United  States 
will  admit  that  English  earthenware  (C.  C,  P.  G.,  Semi- 
Porcelain,  Scmi-Mtreons  (Miina,  etc.  I  is,  oenei-ally  si)eak- 
ing,  superior  to  that  produced  in  this  country.  The 
Staffordshire  Earthenware  is  of  better  texture,  that  is,  it 
is  more  dense,  or  compact ;  the  glaze,  colors  and  the  general 
finish  of  the  English  ware  are  superior.  Sandy,  rough 
edges  are  characteristic  of  American  earthenware. 

It  is  strange  that  English  pottei-s,  operating  in  this 
country,  could  not  reproduce  same  quality  of  crockery 
here,  as  is  made  in  their  home  counti-y,  when  having  at 
hand  tlie  same  materials, — the  English  china  clay  and 
English  ball  clay. 


Earthenware 

English 

American 

Biscuit    

Cones   3—4—5 
2—3 

8—9 

Glost    

.5—6 

\y\\\  this  additional  lical  for  the  Amei-ican  earthen- 
ware? And  why,  in  spite  of  this  heat,  is  it  inferior  in 
quality,  less  able  to  resist  sudden  changes  of  temperature 
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than  the  earthenware  made  in  Statfordsliire  at  a  lower 
temperature? 

There  are  at  leiist  two  reasons.  First,  because  the 
American  earthenware  body  does  not  contain  enough 
plastic  clay,  such  as  the  English  ball  clay,  which  gives  the 
English  bodies  their  noted  density.  Secondly,  in  the 
American  earthenware  bodies  the  non-plastic  materials 
are  not  ground  fine  enough. 

It  seems  to  me  that  most  American  potters  do  not 
realize  the  great  necessity  for  English  ball,  or  similar 
plastic  clays,  in  an  e.arthenware  body.  The  great  feature 
of  the  English  ball  clay  is,  as  we  know,  that  it  vitrifies  at 
a  practically  low  temperature  and  remains  so,  without 
deformation  by  additional  heat,  for  a  long  time.  This  is 
characteristic  of  the  so-called  "Stoneware  clays."  (Stein- 
zeugton. ) 

One  might  say  that  the  greatest  pottery  center  in  the 
world,  the  Staffordshire  Pottery  District,  was  built  up  on 
the  quality  of  that  famous  plastic  ball  clay,  without  which 
I  can  not  imagine  the  great  industry  in  that  district  to 
have  attained  its  present  wonderful  development.  Without 
it,  Josiah  Wedgwood  could  never  have  produced  his  world 
famous  Queen's  Ware,  Jasper,  Basalt  or  Granite  Wares. 

Wedgwood  made  his  Queen's  Ware  out  of  ball  clay, 
china  clay  and  Cornish  stone.  In  his  Cameos  he  used  ball 
clay,  china  clay,  Cornish  stone  and  heavy  spar,  in  both 
of  these  the  ball  clay  always  played  a  very  important  part 
in  the  body,  giving  plasticity  in  the  making  of  those  pre- 
cisely modeled  pieces  and  that  tyj^ical  vitreousness,  char- 
acteristic of  the  stoneware  clays,  after  being  fired. 

ENGLISH  EARTHENWARE   BODIES. 

Very  old  earthenware  bodies  in  Staffordshire  were 
made  without  flint,  as  for  example,  the  following  recipe, 
which    I    found    in    a    book    from    a    Staffordshire    Free 

Library. 

16  inches  Ball  Clay,  24  oz.  to  the  pint 

11  inches  China   Clay,  26  oz.  to  the  pint 

11  inches  Cornish    Stone,  32  oz.  to  the  pint 
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which  ligures  out  in  dry  weights  to  about 

1X10  =  16. 0  parts  of  dry  Ball    Clay    24 .  40% 

1.5X11  =  16.5  parts  of  dry  China   Clay    25 .  20% 

3X11  =  33.0  parts  of  dry  Cornish   Stone    50.40% 


100.00% 


These  old  English  earthenwares,  (one  might  better 
ciill  Ihcni  "W'liitc  StoiicwMic"  K  ^^•('l•('  tbc  best  of  tlicir  kind 
ever  produced,  not  for  color,  but  for  durability. 

Later  on,  competition  grew  sharper  and  sharper  and 
the  public  unwisely  demanding  a  whiter  body,  the  potters 
in  Staffordshire  were  pressed  to  make  up  their  bodies  to 
meet  that  competition  and  requirement.  They  began  to 
increase  the  flint  content  in  their  bodies,  and  at  the 
present  time  the  tendency  is  to  use  less  ball  clay  and  re- 
place the  stone  with  Norwegian  spar. 

E.  A.  Saiideiiiaii  in  liis  "Xotf^s  on  tlu^  ^rannfactui-c  of 
Earthenware,"  gives  tlie  following  foi*mulas  foi'  earthen- 
wares : 


A 
good 

B 

medium 

.     c 

commiin 

Ball    Clay     at  24  ozs. 
China  Clay  at  26  ozs. 
Flint               at  32  ozs. 
Stone             at  32  ozs. 

to  the  pint. . 
to  the  pint. . 
to  the  pint. . 
to  the  pint .  . 

10       in. 
8       in. 
5       in. 
21/2  in. 

11       in. 
9       in. 

41/2  in. 
21/2  in. 

15  in. 
8  in. 
4  in. 
2  in. 

Stain  at  25  or  28  ozs.  to  the  pint  in  varying  proportions  according  to 
the  color  required. 


These  figure  out  in  percentage  dry  weights  to  about: 


Ball  Clay   I  22.4  24.2  |  33.3 

China  Clay   i  27.0  I  29.6  I  26.7 

Flint    I  33.7  |  29.6  !  26.7 

Stone    I  17.0  j  16.5  I  13.3 

1       100.1%     I  99.9%     I       100. 0%~ 

The  following  are  more  modern  Staffordshire  earthen- 
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ware  bofly  foriinilas.  showing  ''wet"  iiu-lies  and  percentage 
dry  weights : 


D— vitrified 

E — common 

Ball  Clay      at  24  oz.  to  pint 

China  Clay  at  26  oz.  to  pint 

Flint               at  32  oz.  to  pint 

Stone             at  32  oz.  to  pint 

Stain              at  25  oz.  to  pint 
(in   varying   proportions) 

14  in.  18.5% 

13  in.  25.8% 

6  in.  23.8% 

S  in.  31.8% 

14  in.  18.5% 

13  in.  25.8% 

8  in.  31.8% 

6  in.  23.8% 

99.9% 

99.9% 

iTiM-y 


Ball   Clay 

at  24  oz.  to  pt. 

.16  in. 

27.07r 

29.0% 

28.5% 

Ball   C. 

China  Clay 

at  26  oz.   to  pt. 

.   9  in. 

22.6% 

21.Q7c 

27.5% 

China    C. 

Flint 

at  32  oz.  to  pt. . 

.    1   in. 

3.^.3% 

2SAVc 

32.5% 

Flint 

Stone 

at  32  oz.  to  pt . . 

.   3  in. 

15.1% 

15.1% 

10.5% 

Feldspar 

Stain 


at  25  oz.  to  pt...Rutile  in 
A'arying  proportions 


99.5%.      99.0%c 


AMERICAN    EARTHENWARE    BODIES. 

ff  yon  compare  tliese  Enjiilis]!  formulas  with  the 
American,  first  von  will  notice  the  liigh  anionnt  of  ball 
•  lay  in  them. 

T  liare  figured  out  the  dry  Aveiglits,  as  I  tliink  nearly 
j'.ll  the  American  potters  mix  their  bodies  up  dry.  There 
has  been  so  much  said  in  this  country,  in  the  past,  about 
•'wet"  and  "dry"  mixing,  and  still  without  visible  effect, 
that  I  do  not  intend  to  say  much  more  about  it  here,  only 
that  I  am  a  strong  believer  in  "wet"  mixing. 

American  earthenwares  hold,  as  far  as  I  know,  but  8 
to  12  percent  of  ball  clay  in  them.  As  I  am  not  in  a  posi- 
tion to  disclose  American  formulas  given  to  me  in  trust, 
I  can  only  give  a])proximate  figures,  wliidi  will  serve  for 
r-omparison  witli  the  English  recipes. 
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ajii:rican  and  English  eartjiknware  bodies  compared. 


American  Ball  Clay   .... 

English  Hall  Clay    i  OS .  0 

English  China  Clay    j  30.0 

American   China  Clay,  I i  05 . 0 

American  (^hina  Clay,  II i  15 . 0 

Flint     I  30.5 

Spar    I  11.5 

1 I 

I  100% 


10.0 
38.0 
06.0 
02.0 
32.5 
11.5 


07.5 
22.5 
09.5 
17.5 
32.0 
11.0 


06.0 
04.0 
22.0 
08.0 
17.0 
32.0 
11.0 


100% 


100% 


100% 


There  is  18.5  per  cent  to  35  per  cent  of  ball  clay  in  the 
English  bodies,  as  compared  to  8  to  10  per  cent  only  in 
the  American  bodies  of  the  East.  I  never  saw  an  Ameri- 
can earthenware  in  which  I  could  trace  much  more  ball 
clay  than  as  stated  above,  although  I  have  heard  as  much 
as  15  percent  is  used  in  the  West. 

The  physical  character  of  ball  clay  has  to  be  consid- 
ered seriously  before  we  try  to  replace  the  clay  substance, 
quartz  and  feldspar  in  ball  clay  with  other  clays.  This, 
the  American  potters  failed  to  do. 

Conditions  in  continental  Europe,  in  the  earthenware 
line,  are  somewhat  similar  to  those  here.  The  manufac- 
turers there  are  not  using  sufficient  English  ball  clay  or  a 
sufficient  quantity  of  a  very  similar  stoneware  clay.  Their 
plastic  white  burning  stoneware  clay  is  not  so  good  as  the 
English  ball,  and  consequently,  their  ware  is  inferior  to 
the  Staffordshire  makes.  It  does  not  stand  the  sudden 
changes  of  temperature  as  mcU  as  the  Staffordshire 
crockery,  which  gets  its  density,  or  vitrification,  by  virtue 
of  the  ball  clay  contained  therein,  while  the  continental 
I)Ottei'S  rely  on  spar,  stone,  dolomite,  etc.,  for  their  vitri- 
fication. Their  ware  may  be  just  as  vitreous,  but  it  does 
not  stand  the  knockings  so  well  and  is  more  liable  to 
produce  crazed  ware,  similar  to  the  American. 

Going  back  some  sixty  or  eighty  years  we  find  that  the 
English  earthenware   (Hartsteingut )    liad   tlie  reputation 
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of  heiiij;  tlic  best  crockery  made.  The  (leinmiis,  especiall}^, 
were  very  anxious  to  get  the  secret  aud  to  produce  equally 
good  ware  in  Germany.  Ver^^  likely,  they  analyzed  several 
of  these  wares  and  found  out  their  chemical  compositions^ 
but  they  made  a  mistake  in  not  considering  the  physical 
properties  of  the  materials,  especially  that  of  ball  clay. 
Apparently  they  neglected  that  part  of  it,  and  were  satis- 
fied with  finding  the  amount  of  clay  substance,  quartz  and 
feldspar  content. 

There  are  many  clays  with  a  similar  chemical  com- 
position to  English  ball  clay,  but  there  are  few,  if  any, 
whose  physical  properties  are  identically  as  good.  The 
3^early  import  figures  of  that  material  will  best  prove  my 
statement. 

Most  of  the  white  "Sanitary''  potters  in  this  country 
would  have  to  close  down  their  plants  temporarily  could 
they  not  have  ball  clay  from  England,  because  their  sani- 
tary body  is  based  on  the  quality  of  the  English  ball  clay. 

American  potters,  I  am  told,  suffered  terribly  with 
crazed  ware,  and  even  now  crazed  pieces  are  not  uncom- 
monly seen.  It  is  a  very  unusual  thing  to  see  crazed  goods 
from  Staffordshire.  For  some  reason  or  other,  American 
potters  did  not  want  to  use  much  of  the  English  ball  clay, 
but  replaced  it  with  either  American  ball  clay,  which  is 
not  quite  so  plastic,  or  with  American  plastic  kaolins. 
Such  compositions,  fired  at  a  Staffordshire  earthenware 
biscuit  heat,  cone  3  to  5,  would  not  burn  dense  enough, 
besides  which  they  did  not  succeed  in  finding  a  non-crazing 
glaze  for  it.  At  this  ])eriod  they  must  have  suffered  badly 
with  crazing.  Gradually  they  had  to  fire  harder  and 
harder  to  secure  the  required  density,  until  in  the  biscuit 
kilns  they  had  reached  the  temperature  of  cone  8  or  9. 

There  are  more  reasons  than  one  for  wishing  to 
decrease  the  content  of  the  English  ball  clay.  It  blunges 
up  very  hard ;  it  has  much  organic  matter  and  other 
impure  residues,  which  choke  the  lawn  and  wear  it  out 
more  quickly;  it  passes  through  the  filter  presses  slowly, 


I'-^t'      AAlKlilCAN  AND  ENGLISH  KAKTIIENWARfc]  BODIES  COMPARED. 

needs  more  cobalt  staiu  to  couuteract  its  yelloAvisli  tiiijic; 
and  rlie  danger  of  warping  and  fireeracking  is  always 
present. 

P'or  a  simple  demonstration,  take  the  English  Ixxly 
H  and  the  American  l>ody  I: 

In  H  we  have  50  per  cent  of  plastic  materials 
In  /  we  have  58  per  cent  of  plastic  materials 
with  comparatively  equal  amount  of  non-plastic  ingre- 
dient, 44  per  cent  in  H ,  and  42  per  cent  in  /.  Alix  the 
plastic  materials  in  H  together  alone,  without  the  non- 
plastic  materials  and  fire  at  cone  3.  Do  the  same  with  the 
plastic  materials  in  /.  The  //  fired  trials  will  be  nearly 
vitreous,  while  the  /  trials  will  be  very  porous.  I  am  sorry 
.that  I  did  not  have  the  time  or  facilities  to  mix  up  these 
trials  and  figure  out  their  porosity,  so  as  to  give  the  illus- 
trations in  actual  figures;  but  everyone  who  has  handled 
English  ball  clay  ^^  ill  readily  admit  that  the  H  trials,  with 
more  than  half  ball  (lay  in  them,  will  be  far  denser,  stone- 
hard,  compared  with  the  /  trials,  in  which  there  is  only 
14  per  cent  of  ball  clay. 

\\\'  know  tlint  witli  a  fusi1)l(^  substance,  sn<-h  as  feld- 
spar or  stone,  we  never  get  the  quality  of  vitrification  in 
earthenware  l)ody,  nor  even  in  a  china  body,  that  A\e  can 
secure  with  a  plastic  clay.^  American  earthenware  bodies, 
similar  to  those  given  here,  lack  plasticity  to  secure  suffi- 
cient density,  or  natural  vitrification,  but  are  largely 
dependent  on  feldspar  to  bind  together  in  a  higher  fire. 

Now  and  then  trouble  springs  up  in  an  American 
plant  owing  to  the  ware  coming  from  the  glost  kiln  crazed, 
though  everything  seems  to  be  going  as  usual.  First,  the 
I'iscuit  warehouseman  is  blamed  for  letting  through  easy- 
fired  ware,  or  the  fireman  for  finishing  his  kiln  too  soon. 
Then  the  sliphouseman  is  questioned,  when  the  fault  really 
lies  in  the  body  itself  not  having  a  safe  margin  for  practi- 
cal manufacturing. 

The  second  chief  reason  is,  the  non-plastic  materials 

1  Reg.   Rath   Dr.   H.   Hecht. 
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ill  the  Aiiieiiraii  earthenware  bodies  are  very  poorly 
groimd,  which  produces  the  rougli  edges  on  a  phite,  for 
instance,  which,  when  gilded,  shows  that  sandy  edge  topi- 
cal of  American  dinner  sets. 

The  English  manufacturers  grind  their  Hint,  spar  or 
stone  wet;  tlie  Americans  grind  theirs  dry,  and  therein 
lies  the  ditference.  We  know  the  great  difference  in  the 
two  ways  of  grinding,  and  many  of  yon  here  present  have 
surely  tried  to  secure  wet  ground,  or  at  least  liner  ground 
iiiarciials,  without  success.  ^Vhy  not  get  togetlier  and 
(Iciiiand  wet  ground  Hint  and  spar?  Xot  until  then  will 
the  American  potter  be  able  to  manufacture  eipially  as 
good  wares  as  the  imported. 

The  flint  and  spar  mill  owners  here  seem  to  believe  in 
a  twelfth  lawn  as  a  guage  for  the  fineness  of  their  dry 
ground  materials,  thinking  it  sufficiently  ground  if  it 
passed  that  lawn  without  too  much  residue.  Gentlemen, 
we  know  what  a  big  mistake  that  is.  In  ^Staffordshire 
the^'  float  their  flint  and  spar,  or  stone.  I  know  of  one  of 
the  largest  plants  there,  in  Hauler,  where,  after  the  flint 
is  fine  ground  they  stop  the  mill,  and  tlien  after  about  ten 
minutes  settling,  they  use  tlie  top  ten  inches-  only,  the  very 
finest.  The  material  is,  at  that  stage,  so  finely  ground  that 
it  does  not  grit  between  the  teeth.  Everybody  to  whom  I 
have  mentioned  that  fact  knew  of  it  and  agreed  witli  me, 
and  3'et  nothing  is  done  towards  remedying  it. 

Generally  speaking,  tlie  American  decorated  earthen- 
ware lacks  those  brilliant  colors  seen  on  English  goods. 
The  reason  for  this  is  tlie  high  heat  at  whicli  they  fire  tlie 
glost  kiln;  and,  for  another  reason,  the  unaccountable  use 
of  ZnO  in  their  glaze.  ZnO,  as  we  know,  turns  the  green 
colors  deiMved  from  CroO.;,  a  dirty,  more  or  less  brownish 
color,  in  the  same  way  that  it  discolors  the  chrome-tin 
pinks  and  others. 

Let  it  be  undei'stood  that  when  I  speak  of  American 
earthenware  I  do  not  include  the  so-called  "American 
Ghina,"  tbouuli  some  of  fhat  is  iiothiiiu-  more  tliaii  harder 
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fired  vitreous  earthenware.  Two  rears  ago,  technieally 
interested  in  making  American  china,  I  tried  in  one  in- 
stance to  convert  our  biscuit  kiln,  ordinarily-  downdraft, 
into  a  European  porcelain,  "Glattbrand,"  kiln,  in  which 
the  atmospheric  condition  at  a  minute's  notice,  can  be 
(hanged  from  oxidizing  to  reducing,  by  putting  a  large 
iron  damper  on  top  of  the  cone  outside. 

I  have  succeeded  in  "bleaching"  our  china  biscuit, 
buried  in  Mint,  with  the  same  method  as  the  German 
china  is  fired  in  the  "Glattbrand.''  I  am  confident  that 
using  the  same  body  composition,  but  omitting  the  stain, 
which  would  produce  a  blue  coloration,  the  American 
china  now  manufactured  can  be  improved  in  color  consid- 
erabh^  from  its  slightly  greyish-white,  or  slightly  yellow- 
ish white,  into  a  clear  white  color,  which  is  so  characteris- 
tic of  the  foreign  porcelain.  At  one  time  I  had  a  doubt 
that  this  white  color  would  reoxidize  again  in  the  glost 
kiln,  at  least  on  the  surface,  but  my  experiments  proved 
that  it  retained  its  color. 

If  we  should  take  an  English  eartlienware  biscuit 
plate,  for  instance,  glaze  it  and  fire  it  in  an  American 
glost  kiln,  the  result  would  be  sandy  edges,  just  as  though 
it  had  been  an  American  biscuit  plate. 

On  the  other  hand,  should  we  take  an  American  bis- 
cuit plate  to  England,  glaze  it  there  and  fire  it  in  an 
English  eartheuAvare  glost  kiln,  the  result  would  be  that 
the  edges  would  be  perfectly  covered  with  the  glaze,  just 
as  though  the  biscuit  had  been  English  instead  of  Amer- 
ican, 

The  point  I  A\ish  to  make  is  that  the  difficulty  alwut 
the  sandy  edge  problem  lies  not  alone  in  the  make  up  of  a 
body,  but  is  also  a  question  of  lieat  and  the  natnre  of  tho 
glaze  applied. 

The  English  earthenware  glaze  maturing  at  three 
cones  lower  tlian  the  American,  ])ennits  the  use  of  a  liigher 
amoutn  of  lead  and  boracic  acid,  which  two  materials  com- 
bined make  a  better  and  smoother  irlaze. 
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Receutlj   I   took  a  C.   C.  phite    (biscuit)    made  in  a 
Trenton  pottery,  and  glazed  it  with  a  raw  lead  ,ij::laze 

l^bO  •  0.19  A1..0,  ■  2.02  SiO, 


63.63     White  Lead 
24.24     Flint 
12.12     China    Clay 


99.99% 


and  fired  it  to  cone  5.    The  glazed  plate  came  out  with  the 
edges  nicely  covered. 

The  conclusion  to  be  drawn  from  the  foregoing  would 
seem  to  be  that  to  overcome  the  sandy  edges  the  heat  in  the 
giost  kiln  should  be  lowered  from  cone  5-6  to  cone  2-3, 
which  would  be  made  possible  by  using  a  glaze  with  a 
higher  amount  of  lead-boron  in  it  and  by  discarding  the 
ZnO  altogether. 


A  NEW  TYPE  OF  LABORATORY  TEST  KILN. 

BY 

R.  T.  kStull  and  J.  M.  Knote,  ITi-baiia,  111. 

Some  very  ingenious  kilns  have  been  rlesioned  for 
eonductinL;  ceraniic  experiments,  but  the  conditions  which 
are  to  be  met  are  so  varied  that  it  is  ditllicult  to  secure  one 
which  is  really  satisfactory  for  a  variety  of  ])nr]ioses.     The 


desirability  of  a  convenient  kiln  is  so  gieat,  that  we  thonght 
ourselves  justified  in  making-  an  effort  to  construct  what 
has  proven  to  be  a  very  satisfactory  kiln  for  our  work.  It 
was  designed  to  enable  us  to  burn  trials  to  any  temperature 
we  desired,  as  rapidly  as  we  wished,  and  at  the  same  time 
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be  .sure  of  securing  a  uuiforiu  distribution  of  heat  rlirough- 
out  the  ware  chamber.  The  drawings  and  photographs 
illnstrate  the  constrnction  of  the  Iciln  which  best  meets  onr 
requirements. 


METHOD  OF  CONSTRUCTING  KILN. 

Accuiate  full  sized  drawings  were  made  of  each  part, 
;iii(l  from  these  the  necessary  zinc  templets  were  marked 
out,  for  the  purpose  of  making  a  i^laster  of  Paris  model  of 
ejicli  part  after  the  method  used  in  terra  cotta  work.  From 
the  models  plaster  moulds  were  made.  All  the  i)arts  of 
the  furjiace  were  pressed  by  hand  in  these  moulds,  except 
the  clay  tubes,  Mhich  were  run  out  on  a  small  auger  ma- 
chine. For  ordinaiy  work  all  parts  of  the  furnace  were 
made  of  a  mixture  of  refractory  fire  clays,  containing  30% 
]»lastic  lii-c  cluy  nnd  70^ <   calcined  flint  Are  clay.     l*"'or  high 
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teiiiperature  work,  calciiuMl  Imuxitc  bonded  witli  a  good 
plastic  tire  elay  is  better.  All  i)ieces  were  AYell  biirued  be- 
fore beiiiii  used.  The  three  pieees  wliieli  make  up  the  body 
of  the  furnace,  were  jacketed  with  3-o2"  iron,  cement  being- 
used  as  a  tiller  between  the  clay  and  the  iron. 

Burners.  The  furnace  can  l)e  tired  with  either  oil  or 
gas.  In  Fig.  No.  I,  the  oil  burner  we  used  is  sliown.  Tt 
was  made  entirely  from  stock  tittings.  The  body  of  the 
burner  is  an  inch  and  a  half  tee  drilled  and  threaded  for 
quarter  inch  pipes  to  admit  the  oil  and  high  pressure  air 
for  spraying  the  oil.  The  hole  through  which  oil  is  admit- 
ted was  made  by  a  00-gauge  drill.  It  is  easier  to  get  this 
hole  too  large  than  too  small.  To  enable  the  operator  to 
watch  the  burner,  a  union  in  which  ti  piece  of  isinglass  is 
placed,  is  screwed  on  to  a  short  nipple  in  the  back  end  of 
the  tee.  The  burner  works  best  with  the  oil  under  four  or 
five  pounds  pressure  and  the  air  for  atomizing  at  15  pounds 
or  more.  The  main  air  supply  for  combustion  may  be  used 
at  a  pressure  of  a  few  ounces  up  to  80  pounds.  When  going 
to  full  capacity  about  fifty  cubic  feet  of  free  aii'  per  minute 
must  be  supplie<^l. 

RESULTS. 

As  a  means  of  distributing  the  heat  uniformly,  the 
revolving  flame  is  a  good  thing,  even  when  only  one  burner 
is  used.  It  produces  a  continuous  ring  of  burning  gases 
around  the  muflfle,  and  there  is  no  chance  for  local  heating 
if  ordinary  care  is  used  in  adjusting  the  burners.  A  patent 
was  granted  on  the  use  of  this  principle  in  certain  furnaces 
ill  U)0o,  but  the  senior  writer  adopted  it  as  early  as  1902, 
as  a  means  of  firing  his  fritt  furnace  at  the  plant  of  the 
American  Terra  Cotta  and  Ceramic  Company,  Terra  Cotta, 
111.  This  furnace  was  secured  by  Prof.  Purdy  for  the 
Ceramic  Laboratory  of  the  University  of  Illinois,  and  was 
extensively  used  in  his  experiuiental  work  on  glazes  and  is 
still  in  successful  use  in  this  laboratory. 

The  down-draft  passage  tlii<»ngli  the  center  evens  the 
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vertical  distiihiilioii  of  lieat  and  \\aniis  tlie  ceiitcr  of  the 
iinillle.  Tlie  adNantai^c  of  iisiiiu'  tlu^  waste  liases  to  lieat  the 
air  sn|)])lied  for  coinlaistioii  is  self  evident,  and  has  been 
(lone  for  a  lonii  time. 

TJie  kiln  is  nsed  with  tlie  niuUle  in  ]»hue  for  all  tem- 
peratures u})  to  cone  -0,  bnt  for  higher  temperatures  it  is 
removed.  (N)ne  oo  has  been  reached  readily,  the  firini;'  be- 
ing done  with  but  one  oil  burner.  It  never  has  been  neces- 
sary to  use  the  second  burner  when  oil  is  used  for  fuel,  but 
we  use  two  if  the  tiring  is  done  with  gas. 

The  kiln  was  purposely  designed  to  retard  the  esca]»e 
of  the  combustion  gases,  somewhat,  with  the  intention  of 
forcing  them  to  all  parts  of  the  kiln. 

Several  tests  of  the  uniformity  of  the  heat  disti-ibution 
have  been  uiade,  and  it  is  found  that  if  the  burners  are 
adjnsted  propeidy  practically  no  differenee  is  to  be  noticed 
horizontally,  but  the  bottom  does  get  a  little  hotter  than 
the  top.  This  amounted  to  about  a  half  a  cone  on  a  four- 
hour,  cone  13  burn,  and  nearly  a  cone  on  a  two-liour,  cone 
21  burn.  But  if  more  time  is  taken  to  reach  the  required 
temperature  and  it  is  then  held  for  a  time,  better  results 
can  be  ol)tained.  We  have  Imrned  a  large  variety  of  clays 
and  glazes  requiring  temperatures  from  550°  (\  up  to  cone 
29,  and  have  never  found  enough  variation  to  affect  our 
results.  The  cones  can  readily  be  watched  through  the 
peep  holes,  or  if  desired  both  cones  and  pyrometer  may  be 
used.  Tf  it  is  necessary  to  draw  trials  as  the  temperature 
advances,  the  lid  of  the  muffle  can  be  left  off  and  the  bri- 
quettes taken  out  through  the  hole  in  the  furnace  lid,  by 
means  of  a  pair  of  tongs. 

The  nnifTIc,  nmlTle  lid  and  muffle  base  are  liable  to 
crack  after  being  used  some  time,  but  this  is  not  serious 
since  they  are  so  easily  replaced. 


OPALESCENCE  AND  THE  FUNCTION  OF  BO,, 
IN  THE  GLAZE. 

BY 

R.  T.  Stull  am»  B.  S.  Radcliffe,  Urbana,  111. 

Ill  the  study  of  whiteware  glazes,  at  the  Uiiivei-sitj 
of  Illinois,  the  class  in  glaze  making-  constructed  a  group 
of  glazes  which  sho^^"ed  all  stages  from  clear  colorless 
through  opalescence  to  opaque  white. 

The  group  consisted  of  six  seri(\'<  liaving  nine  mem- 
bers, each  covering  the  following  field  : 

.3  K„0      )  ,  2.1  to  6.1  SiO., 

.2  Na.O  '     .-    A,  r>  ^ 

,    ^    X  -  .4.0  ALO 

.4  CaO  1  "  / 

.1  PbO  )  I      0  to  1.0  B2O3 

The  gla/.(^s  were  a])]>licd  to  biscuit  \\;ill  tih',  set  on 
edge  in  flat  tile  saggers  and  burned  to  cone  3.  Examina- 
tion of  the  trials  seemed  to  indicate  that  opalescence  whs 
not  a  function  of  the  ([uantity  of  l)oric  oxide,  since  glazes 
having  small  molecular  quantities  appeared  as  opalescent 
or  opaque  as  those  having  larger  quantities. 

There  also  seemed  to  be  a  dividing  line  betAveen  the 
clear  and  the  opalescent  glazes.  Although  the  glazes  had 
run  and  beaded  alQng  the  edge  of  the  tile,  the  thickness  of 
the  glazes  against  the  white  l)ackground  of  the  tile  was  not 
sufficient  to  determine  accurately  the  dividing  line  between 
the  clear  and  the  opalescent  tields. 

In  order  to  determine  more  accurately  this  line,  a 
series  of  glazes  was  inserted  between  what  appeared  to  be 
the  clear  and  opalescent  fields,  and  another  series  added  to 
the  left  of  the  group,  thus  covering  the  following  limits: 

.3  K„o     ,  ,  1.76  to  6.1  SiO. 

.  2  Xa.  O    '      -    . ,  ^       ^ 

A     ry     '/^  .4.D    ALU 

.4  CaO     I  ■  / 

.1   PbO     '  '         (I  to  1.0   B,0 

]  •2U 
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ICacli  circle  on  the  (liayram  (Chart  I)  represents  a 
glaze.  In  tlie  lower  left  hand  corner  is  low  Ixu'ic  oxi(l<'  and 
low  silica.  In  the  lower  rijilit  hand  ((n-ner  is  low  horic 
oxide  and  lii<;h  silica.  At  the  upper  left  corner  is  liijih 
boric  oxide  and  low  silica.  In  the  upper  ri_i;ht  corner  is 
high  boric  oxide  and  high  silica. 
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In  the  series  running  horizontally  from  left  to  right, 
boric  oxide  is  constant  and  silica  increases,  while  in  the 
series  running  vertically  from  bottom  to  top  silica  is  con- 
stant and  boric  oxide  increases. 

In  order  to  detect  faint  opalescence  it  is  necessary  to 
examine  thick  layers  of  the  glazes.  For  this  purpose  tiles 
from  stoneware  clay  were  made  having  conical  depressions 
one-half  inch  in  diameter  and  one-fourth  inch  deep  (Chart 
IV).  These  (le]>ressions  were  filled  with  the  glazes,  the 
wall  tiles  were  dipped  and  the  trials  burned  to  cone  3. 


OPALESCENCE  AND  FUNCTION  OF  BoO,   IN  GLAZE. 


131 


Examination  of  the  trials  showed  opalescence  stron^^^ly 
in  Series  2  runnini^-  verticallv.  Glazes  having  low  boric 
oxide  seem  to  show  as  strong  opalescence  as  those  having 
higher  qnantitief-i.  The  members  in  vertical  Series  IV.  do 
not  show  the  slightest  trace  of  opalescence.  To  the  right 
of  the  dividing  line,  opalescence  increases,  while  glazes 
in  the  field  to  the  left  are  perfectly  clear. 
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Some  very  interesting  points  with  respect  to  crazing 
are  observed.  In  the  A  series,  A-Vii  is  a  basic  matt  and 
crazed.  A-9,  which  is  high  in  silica,  is  badly  devitrified 
and  crazed.    A-8  is  slightly  devitrified  and  slightly  crazed. 

In  the  case  of  these  two  extremes  of  crazing  the  addi- 
tion of  boric  oxide  has  had  diametrically  opposite  ellccts. 
Boric  oxide  added  to  A-i  o  I'tis  inci-eased  crazing,  the  craz- 
ing increasing  with  increase  in  boric  oxide.  In  A-8  and  9 
the  addition  of  l»ori«-  oxidc^  has  oxcrcome  «-razing  and  also 
devitrification. 
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Ill  liis  article^  on  ''Tlie  FTinctioii  of  l>oroii  in  the  (Jlaze 
Foriiiiilu,"  I'rofe.ssoi-  JJiiiiis  sa^s :  "It  was  noticed  that 
from  its  position  in  the  periodic  curve  and  from  its  valence, 
boron  might  be  j)resumed  to  act  like  alumina,  fnnctioninti 
as  a  base  with  strong  acids  and  as  an  acid  with  strong- 
bases." 

lie  also  points  out,  tliat  in  a  glaze  having  the  formula 
RO,  .2  AUOo,  1.0  SiO^,  whose  oxygen  ratio  is  one  to  two, 
if  .3  K^Oo  be  added  it  is  necesssirv  to  raise  the  silica  to  two 
and  one-half  according  to  pi'actice,  and  that  if  BoO..  be 
considei-ed  as  base  the  oxygen  ratio  then  becomes  one  to 
two. 

Professor  Kinns  further  states:  ''  *  *  *,  the  opinion 
is  further  expressed  that  BoO^  undoubtedly  is  basic  when 
melted  with  silica  or  sili<  ates,  and  that  it  may  be  used  to 
replace  alumina  partially  or  entirely,  with  the  exception 
of  its  exercise  of  the  property  of  fusibility." 

Dr.  Zimmer  says:-  "While  I  admit  that  all  the  facts 
brougth  out  seem  to  indicate  that  boron  will  act  as  a  base, 
there  are  sui-t^ly  conditions  under  which  it  will  act  as  an 
acid." 

If  we  arrange  the  oxides  of  the  elements  in  groups 
according  to  the  periotHc  System,  we  find,  as  a  rule,  that 
the  bases  of  low  molectllar  Aveight  produce-best  opacity 
ajnd  bases  of  high  molecular  weight  least  opacity.  With 
respect  to  acids,  we  find  the  opposite,  i.  e.,  acids  of  high 
molecular  weight  produce  best  opacity  and  acids  of  low 
molecular  weight  least  opacity. 

According  to  Heger's  rules  for  crazing,  bases  of  low 
molecular  weight  produce  least  crazing  and  bases  of  high 
molecular  weight  produce  most  crazing.  TMiether  the  op- 
posite is  true  of  acids  has  not  been  definitely  shown. 

By  calculating  the  oxygen  ratios  of  the  glazes  includ- 
ing boric  oxide,  lines  of  equal  oxygen  ratios  ai'e  obtained 
running  vertically  across  Ihe  diaiirani,  as  shown  in  Chart  f. 
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Considering  boric  oxide  as  an  acid,  lines  of  e(inal  oxy- 
gen ratios  run  diajionallY  downward  from  left  to  rij^lit 
(Chart  II).  Calculatinii-  oxYiicn  ratios  in  which  boric 
oxide  is  assniued  to  be  a  base,  juives  diauonnl  lines  running 
upward  from  left  to  right  which  ai)pear  to  radiate  from  a 
common  center,  (Chart  III). 

In  Chart  I  it  is  observed  that  the  dividing  line  be- 
tween the  clear  and  opalescent  glazes  runs  parallel  to  and 
between  the  oxygen  ratio  lines  of  1  to  2  and  1  to  2.2.  Since 
opalescence  is  shown  so  strongly  on  the  total  oxygen  ratio 
line  of  1  to  2.2,  it  is  reasonable  to  suppose  that  the  true 
dividing  line  between  clear  and  opalescent  glazes  lies  on  or 
very  near  to  the  total  oxygen  ratio  line  of  1  to  2. 

In  consulting  Charts  II  and  III,  it  is  evidcMit  that  the 
lines  of  equal  oxygen  ratios  in  which  boric  oxide  is  calcu- 
lated either  as  an  acid  or  a  base,  do  not  1)ear  any  definite 
relation  to  the  dividing  line  between  the  clear  and  opales- 
cent glazes. 

Boric  oxide  fuses  at  a  low  temperature,  forming  a  thin 
water-like  fluid.  In  this  con<lition  it  is  one  of  the  strongest 
igneous  solvents  at  our  command,  and  tlu^re  are  few  inor- 
ganic oxides  that  it  is  not  capable  of  dissolving.  Silica 
added  to  it  is  dissolved  and  evidently  combined,  since 
silica  is  strongly  acid  in  character  in  igneous  fusion,  the 
combination  is  probably  some  silicate  of  boron  which  ])ro- 
duces  a  milky  precipitate. 

Opalescence  in  glasses  containing  boric  oxide  is  not 
caused  by  crystallization,  nor  by  that  i)ecu]iar  form  (►f 
segregation  which  sometimes  prec(Mles  it.  If  it  were,  then 
sudden  cooling  would  leave  the  mass  in  an  amorphous  con- 
dition, thus  giving  a  clear  glass.  A  fusion  of  silica  and 
boric  oxide  when  suddenly  cooled  will  show  strong  milki- 
ness.  Fritts  containing  boric  oxide  fre(|uently  show  opal- 
escence though  cooled  suddenly  by  <iuenching  in  water. 

It  is  trus  that  a  glaze  cooled  slowly  will  show  stronger 
opalescence  than  the  same  glaze  cooled  quickly,  but  it  must 
be  remembered  tliat  ])reci|»itates  i('(|uii('  time  to  form.     As 
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an   example,   the  complete  precipitation   of  magnesia   by 
sodium  ammonium  phosphate  recjuires  several  hours. 

CONSIDERATIONS  ON  CRAZING. 

Boric  oxide  when  added  to  A-i/o  (which  is  basic  in 
character),  undoubtedly  plavs  the  part  of  an  acid.  In- 
creasing boric  acid  has  increased  crazing.  The  more  boric 
acid  present,  the  greater  is  the  degree  of  crazing. 

In  the  case  of  A-8  and  9,  which  are  highly  acid  in 
character,  it  is  more  than  probable  that  the  addition  of 
boric  oxide  has  comlnned  as  a  base,  and  in  so  doing  has 
overcome  both  devitrification  and  crazing. 

In  comparing  the  dividing  line  bet\yeen  crazing  and 
non-crazing  glazes,  with  lines  of  total  oxygen  ratios  on  the 
three  different  charts,  we  find  that  this  line  does  not  con- 
form to  an^'  oxygen  ratio  lines,  whether  l>oric  oxide  be  ex- 
cluded from  the  calculations,  or  included  either  as  acid  or 
as  base. 

It  has  been  noted  that  crazing  has  increased  with  in- 
crease in  boric  oxide  in  glazes  whose  previous  total  oxygen 
ratios  are  low.  It  has  also  been  stated  that  this  crazing  is 
due  to  the  presence  of  boric  oxide  as  an  acid,  and  as  such, 
whether  free  or  combined,  its  tendency'  is  to  reduce  crazing. 
If  boric  oxide  cond)ines  as  a  base,  its  influence  should  be 
that  of  overcoming  crazing,  since  it  is  a  base  of  low  mole- 
cular weight  (in  accordance  with  Seger's  rule). 

If  l)oric  oxide  when  combined  as  a  base  acts  like  alum- 
ina and  can  replace  alumina,  then,  any  increase  in  boric 
oxide  would  decrease  crazing  the  same  as  alumina,  in  ac- 
cordance with  the  statement  of  Purdy  and  Fox.^ 

Boric  oxidfe  present  as  acid  and  boric  oxide  present  as 
base  influence  crazing  in  opposite  directions,  which  might 
be  expected  since  the  properties  of  bases  and  acids  are 
opposite  in  character.  In  glazes  which  craze  from  excess 
boric  acid,  an  a(hlition  of  silica  has  a  double  influence  in 


'  Fritted  Glazes.    7'rins.    A.   C.   S..    Vol.    IX.    p.    ITS. 


13(5  OPALESCENCE  AND  EUNCTION   OF   B0O3   IN   GLAZE. 

preventing-  craziiig'.    By  coiivertiui!,  borir  acid  to  boric  l)ase 
it  decreases  era/Jug  acid  and  increases  nou-crazing  base. 

The  reason  that  the  line  between  crazing  and  nou- 
crazing  glazes  does  not  conform  to  any  oxygen  ratio  lines 
is  because  both  free  crazing  boric  acid  and  cond)ined  non- 
craziug  boric  base  may  both  be  present,  and  it  tak(»s  a 
definite  amount  of  the  one  to  overcome  the  intlnence  of  the 
other.  W'ith  reference  to  the  dividing  line  bet  ween  devi  tri- 
fled and  crazed  glazes  and  nou-devitrified  and  non-craze<l 
glazes,  Chart  III  shows  that  the  line  coincides  in  direction 
with  the  oxygen  ratio  lines  when  boric  oxide  is  considered 
as  a  base.  But  Avhen  referred  to  Charts  I  and  II,  it  is  shown 
that  tlie  line  does  not  conform  to  the  oxygen  ratio  lines  in 
either  of  these  two  cases. 

Although  tliere  are  no  absolute  cheiuical  proofs  at 
hand,  tlie  following  theories  are  advanced  from  tlie  fore- 
going evidence: 

First,  boric  oxide  when  added  to  a  glaze  whose  pre- 
A  ious  oxygen  ratio  is  less  than  1  to  2  is  present  as  an  acid, 
combined,  tending  to  produce  a  chemical  equilibrium.  Any 
excess  is  present  in  acid,  uncombined,  in  solid  solution. 
When  present  in  the  acid  form  its  inflneuce  is  that  of  pro- 
ducing clear  glazes  and  ci-azing. 

Second,  boric  oxide  Avhen  introduced  into  a  ghize 
whose  previous  oxygen  ratio  is  1  to  2,  is  present  as  an  un- 
combined acid  in  solid  solution,  im]>arting  clear  and  craz- 
ing tendencies  to  glazes. 

Third,  boric  oxide  when  introduced  into  a  glaze  with 
a  previous  total  oxygen  ratio  greater  than  1  to  2  tends  to 
produce  chemical  equilibrium  by  combining  as  a  base,  thus 
producing  opalescence  and  non-ci-azing  tendencies.  Any 
excess  boric  oxide  is  present  as  an  unconrbiued  acid  in  solid 
solution. 

Fourth,  o])alescence  is  caused  by  the  precii>itation  of  a 
silicate  in  which  l^oric  oxide  is  evidently  l)asic.  The  in- 
tensity of  opalescence  does  not  de^xMid  ui^on  tlic  (piantity 
of  l>oric  oxide  pi-csciit  but  u|»(>n  the  !]n;iiitity  coiiibincd  as 
a  silicate. 
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It  is  interesting  to  note  that,  although  the  line  divid- 
ing erazing  and  non-crazing  glazes  does  not  conform  to  any 
oxygen  ratio  lines,  it  conforms  nearest  to  the  lines  of  equal 
oxygen  ratio  when  boric  oxide  is  assumed  to  be  base.  The 
oxygen  ratio  line  of  1  to  2,  Avhen  boric  oxide  is  considered  a 
base,  passes  through  the  middle  of  the  hold  of  1)est  glazes 
found  ill  this  group. 

DISCUSSION. 

Mr.  f'artHelce:  I  have  this  suggestion  that  I  wish 
some  of  those  interested  in  the  nnitter  of  opalescence  would 
determine  whether  that  is  opalescence  or  fluorescence. 
Opalescence,  as  I  understand  it,  is  due  or  at  least  com- 
monly attributed  to  internal  fractures,  while  fluorescence 
is  a  different  thing.  It  would  be  a  comparatiyely  simple 
thing  to  take  a  sample  of  glaze  showing  this  description  of 
opalescence  and  determine  which  it  is.  I  think  it  Avoiild 
be  a  matter  of  some  interest. 

Mr.  StiiJJ :  The  trials  just  came  out  of  the  kiln  a 
little  while  before  the  convention.  The  intention  was  to 
have  thin  sections  made  of  them  and  examine  them  micro- 
scopically. We  used  the  term  opalescence  because  that  is 
the  term  most  generally  understood,  and  because  it  ap- 
pears like  opalescence, — it  has  the  color.  We  kiioAv  that 
some  precipitates  are  opalescent  in  appearance.  The  pre- 
cipitates of  aluminum  hydroxide  and  silicic  acid  are  sug- 
gestively opalescent.  Richards,  in  his  work  on  the  determ- 
ination of  the  atomic  weight  of  silver,  produced  strong 
opalescence  in  the  silver  chloride  Avhicli  passed  through 
the  filter.  The  presence  of  minute  solid  particles  in  sus- 
pension may  give  the  reflection  of  light  nearly  as  well  as 
cracks  or  flaws  will  do. 

Mr.  AShau: :  I  have  had  some  experience  with  borax 
but  I  do  not  believe  I  can  add  anything.  I  have  been  won- 
dering what  is  the  relation  between  opalescence  and  opac- 
ity. Substances  that  ]>roduce  opacity  if  fused  hard  enough 
will  produce  opalescence.     T  hav(^  jiroiluced  white  enamel 
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and  very  often  had  it  "burned."  The  opacity  is  all  hiirncd 
out  of  it,  and  the  glaze  after  that  time  very  often  shows  a 
great  amount  of  opalescence. 

Mr.  Bhiu.s :  Would  you  define  opalescence  as  a  par- 
tial opacity? 

Mr.  Hhaiu:     That  is  exactly  what  I  think. 

Mr.  ^tull:  I  agree  Avith  that,  that  opalescence  is  a 
"dilute"  state  of  opacity.  Here  is  Fl),  (exhibits  trial ),  the 
one  highest  in  B0O3,  and  highest  in  silica.  It  shows  o])a(iue 
white. 

Mr.  Biiuis:  I  would  like  to  ask  Mr.  StuU  whether  he 
has  any  explanation  of  the  connection  between  deviti-ifica- 
tion  and  crazing.  We  have  generally  considered  the  two 
things  were  influenced  by  opposite  conditions.  I  would  be 
interested  to  know  what  suggestions  he  has  to  make  on 
that  point. 

Mr.  ^tull :  Most  generally  crazing  is  conceded  to  be 
a  function  of  the  co-efficient  of  expansion  and  contra<-ti(m, 
but  personally  I  think  there  is  another  factor  which  we  do 
not  consider,  and  that  is  crystalline  tensioiL  We  know 
that  crystals  form  from  gases,  from  fluids  and  from 
solids.  As  a  time-worn  illustration,  tlie  iron  beams  of  rail- 
road bridges  frequently  become  so  ci'vstalline  from  the  jar 
of  the  trains  that  they  become  weak  and  break.  We  have 
plenty  of  evidence  of  crystallization  going  on  in  solids.  A 
substance  in  crystallizing  usually  does  one  of  two  things, 
i1  either  increases  in  volume  or  decreases  in  volume.  In 
either  case  if  crystallization  should  coutitiue  down  into  the 
solid  glaze  it  would  produce  a  tension  strong  enongli  to 
cause  crazing.  In  experimenting  with  crystalline  glazes 
of  the  type  which  crystallize  in  assicular  groupings.  T  have 
failed  to  make  one  crystalline  g1az(^  yet  which  did  not 
craze.  In  these  crystals  wliich  radijite  fi*om  centers,  it  is 
interesting  to  note  that  the  craze  marks  did  not  run  in 
irregular  zigzag  lines,  but  ran  a])])roxiniately  in  broken 
concentric  rings  aronnrl  the  crystalliiu-  center  in  this  man- 
ner.    (  Indicatinu'  on  tlie  board  as  shown  liei'i'witli.  1      If  it 
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is  not  due  to  crystalline  tensions,  then  what  is  it  due  to? 
Crystalline  glazes  with  oxygen  ratios  all  the  way  from  one 
to  one  up  to  one  to  five  will  craze  if  they  are  crystallized. 
In  practice  I  tried  to  overcome  it  by  slow  cooling  from 
vanishing  red  heat  doA\n.  The  slower  the  cooling  the  worse 
the  crazing  appeared. 


flssicuLar    Grouping 
Showing  Craze  Mar/Cs 
ff  viininq  Concentrica//y. 


Mr.  Biiuis:  I  would  like  in  that  connection  to  make 
another  suggestion.  AVe  commonly  theorize  or  philosophize 
this  way:  Silica  in  a  body,  being  crystalline,  has  a  high 
co-efficient.  In  the  case  of  excess  of  silica  in  the  glaze  and 
consequent  devitrification,  it  seems  to  me  quite  possible 
tltat  the  silica  has  returned  to  its  crystalline  form,  and 
thus  regained  its  high  co-efficient.  I  have  no  doubt  that 
Mr.  StulTs  theory  of  crystalline  tension  strains  lias  some- 
thing to  do  with  it.  At  the  same  time  1  think  the  fact  that 
the  silica  has  returned  to  its  crj^stalline  form  is  also  an 
important  factor.  I  have  frequently  noted  in  that  connec- 
tion that  a  short  fired  glaze  almost  invariably  crazes  sim- 
ply because  the  silica  has  not  been  thoroughly  taken  into 
the  solution,  and  has  thus  not  reached  the  amorphous  form 
Yitli  the  low  co-efficient. 

And  now  the  question  of  boron,  in  which  I  am  natur- 
ally very  much  interested.  I  would  like  to  say  just  a  word 
on  that.  This  is  the  first  time  it  has  been  alluded  to  since 
I  brought  it  up  two  years  ago.  It  is  quite  gratifying  to 
find  that  at  least  a  portion  of  my  contention  is  substan- 
tiated. Dr.  Singer  showed,  in  his  paper,  that  it  was  pos- 
sible to  produce  compounds  in  Avhicli  borou  sosquioxide,  or 
boric  oxide,  functions  as  a  base. 
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Ever  since  the  paper  was  presented  two  years  ago  I 
have  worked  upon  the  theory,  which  I  then  enunciated, 
that  in  a  normal  glaze  under  normal  conditions  boric  oxide 
functions  as  alumina.  And  my  students  in  the  blackboard 
work  have  said  to  me,  why  do  you  put  boric  oxide  under 
the  alumina  when  all  the  books  do  the  other  thing  and  put 
it  under  the  silica?  I  tell  them  if  they  live  long  enough 
they  will  find  that  all  the  books  will  have  it  under  alumina, 

Mr.  Stull  has  brought  up  certain  exceptional  condi- 
tions, as  for  instance,  in  a  highly  basic  glaze,  where  it  is 
quite  probable  that  a  portion  of  the  boric  acid  or  all  of  it 
may  function  acidically.  And  by  the  way,  I  wish  \\'e  had 
some  better  term  than  acid  and  base  to  express  this  action. 

For  many  years  I  groped  in  the  dark  with  regar<i  to 
fritted  glazes,  and  I  believe  a  good  many  are  doing  so  still. 
But  when  we  once  established  that  the  bi-silicate  ratio  was 
the  best  thing  for  a  clear  glaze  under  proper  conditions, 
there  did  not  seem  to  be  any  philosophy  or  working  reason 
why  fritted  glazes  should  not  come  under  the  same  rule,  in 
other  words,  why  boric  oxide  should  introduce  an  entirely 
new  set  of  laws.  But  by  the  simple  arrangement  of  placing 
boric  oxide  with  the  sesquioxides  the  whole  thing  is  solved. 
Fritted  glazes  now  obey  the  same  law.  They  are  normally 
bi-silicate,  or  closely  approximating  it.  I  have  nu  more 
difficulty  now  in  laying  down  fritted  glazes  than  T  used  to 
have  in  raw  glazes.  But  until  this  point  was  reached  there 
was  no  law  which  could  be  used  as  a  guide. 

We  are  very  glad  to  have  this  word  from  Mr.  Stull 
not  only  on  the  boric  question,  but  on  that  rather  obscure 
and  interesting  phenomenon  of  opalescence  wliich  has  oc- 
cupied us  today.  He  has  also  demonstrated  his  work  in  a 
very  interesting  manner.  His  enclosing  the  panel  of  glaze 
in  the  cell  is  quite  a  new  idea  and  one  well  worthy  of  con- 
sideration, ANhen  we  come  to  deal  with  the  consistency  of 
the  glaze  matter. 


THE  RELATION  BETWEEN  THE  TENSILE 

STRENGTH  AND  TRANSVERSE 

STRENGTH  OF  RAW 

CLAYS. 

BY 

H.  EiES  AND  S.  W.  Allen,  Ithaca,  N.  Y. 

It  Iras  often  lieen  customary  in  the  past  when  resting 
raw  clays,  to  make  a  determination  of  the  tensile  strength 
of  the  air-dried  material,  it  being  thought  by  many  that 
this  gave  a  clue  to  the  clay's  ability  to  stand  strains  in 
handling  before  burning,  and  possibly  also  to  its  bonding 
power. 

But  while  the  tensile  strength  test  is  still  used  by 
many  persons,  it  was  not  recommended  l>y  the  Ceramic 
Society's  Committee  foi-  Co-operation  with  Federal  and 
State  Greological  Surveys.^ 

The  suggestion  was  recently  made  to  the  senior  author 
of  this  paper,  that  it  would  be  of  more  practical  value  to 
make  a  test  of  the  transverse  strength  of  the  air  dried  clay 
instead  of  its  tensile  streng-th,  as  such  a  test  would  ap- 
proximate more  closely  the  conditions  to  which  many 
pieces  of  clay  ware  (especially  large  ones)  were  subjected, 
before  burning.  It  was  thought  that  a  transverse  test 
would  involve  more  difficulty  and  chance  for  error,  be- 
cause of  the  anticij^ated  trouble  of  getting  a  piece  free  from 
irregularities  of  form ;  that  unless  the  bar  to  be  subjected 
to  a  transverse  test  was  perfectly  straight,  the  results 
might  be  unreliable.  If,  however,  the  transverse  strength 
of  air  dried  clay  stood  in  direct  relation  to  the  tensile 
strength,  and  this  seemed  a  logical  inference,  then  the  ten- 
sile streno-th  test  might  still  be  used. 
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The  following  tests  were  undertaken  with  a  vieAv  to- 
V  artis  determining,  ( 1 )  whether  the  transverse  strength 
was  directly  proportional  to  the  tensile  strength,  and  (2) 
whether  the  transverse  test  was  a  difficult  one  to  make. 
The  laboratory  work  was  all  performed  by  tlie  junior 
author. 

The  tensile  strength  test  was  made  in  the  usual  man- 
ner, by  jnolding  the  thoroughly  kneaded  clay  into  briquets 
and  pulling  them  apart  in  a  cement  testing  machine. 

For  the  transverse  test,  the  clay  was  carefully  molded 
into  bars  31/2  inches  long,  and  having  a  cross  section  of 
about  1.25  by  .70  inches  when  dried.  The  surface  of  these 
was  rubbed  smooth  and  flat  with  sandpaper. 

These  bars  were  supported  on  rounded  wooden  edges, 
21/2  inches  apart.  A  steel  rod  3-16  in  diameter,  was  laid 
across  the  bar  of  clay  exactly  half  way  between  the  sup- 
ports, and  from  this  a  pail  was  suspended.  Shot  was  fed 
into  this  pail  until  the  bar  broke. 

The  break  in  every  case  was  smooth,  and  the  results 
showed  less  variation  than  those  obtained  in  breaking  the 
briquettes.    In  each  case  twelve  pieces  were  tested. 

The  clays  or  mixtures  tested  were  the  following: 

I.  Kentucky  ball  clay  75 7^,  flint  sand,  ground  to 
pass  through  200  mesh,  25%. 

II.  Kentucky  ball  clay  50%,  flints  and  50%. 

III.  Florida  ball  clay  75%,  flint  sand  25^0. 

IV.  Florida  ball  clay. 

V.  Kentucky  ball  clay. 

VI.  New  Jersey  fire  clay. 

VII.  Ked  shale  clay,  Woodbern,  X()\a  Scotia. 

VIII.  Red  shale  clay  (No.  VI)  75^  ,  tiint  sand  25^0. 

IX.  Red  shale  clay  (No.  VII)  509r,  flint  sand  50%. 

X.  Terra  cotta  mixture  from  New  Jersey. 

XI.  Rath-tub  mixture,  obtained  from  factory. 

XII.  RIack  clay  from  New  Jciscy,   used    in   manu- 
facture of  terra  cotta. 
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In  the  accompaiijing  chart  the  ordiuates  represent  the 
modulus  of  rupture  figured  from  the  transverse  test,  while 
the  abscissas  represent  the  tensile  strength  of  the  air  dried 
clav  in  pounds  per  square  inch. 

Each  plotted  point  therefore  represents  tlie  intersec- 
tion of  the  lines  corresponding  to  the  modulus  of  rupture 
and  tensile  strength.  The  samples  were  arranged  accord- 
ing to  ascending  modulus  rupture,  and  from  this  it  will  be 
seen  that  a  remarkably  regular  curve  is  obtained,  the  ten- 
sile strength  rising  directly  with  the  transverse  strength. 
No.  VI  appears  to  show  the  greatest  divergence,  and  this 
was  probably  due  to  s(mie  flaws  in  the  test  pieces. 

Considering  the  details  of  manipulation,  the  writers 
believe  that  the  transverse  test  is  as  easy  to  make  as  the 
tensile  strength  test^  and  gives  more  uniform  results. 


Two  points  of  interest  may  be  further  noted :  ^ 

No.  VII,  in  red  shale,  had  an  average  tensile  strength 
of  194  pounds  per  square  inch.  The  addition  of  25  per  cent 
flint  sand  lowered  the  strength  to  130  pounds  per  square 
inch,  while  with  50%  fine  sand  added  the  tensile  strength 
was  only  102  pounds  per  square  inch. 

The  Florida  ball  clay,  IV,  showed  74  pounds  tensile 
strength,  but  the  addition  of  25%  fine  sand  raised  it  to 
102  pounsd  per  s<|uare  inch.  Tlie  same  held  true  of  Nos, 
V,  I  and  II. 


METHODS  OF  ANALYSIS  FOR  ENAMEL  AND 
ENAMEL  RAW  MATERIALS. 

BY 

KOBERT  D.  Landrum,^  Lawreiice,  Kansas. 

Introduction.  The  fact  that  practically  nothing  has 
been  jiublished  on  the  above  subject,  and  the  remembrance 
of  the  many  long  hours  spent  in  digging  out  these  methods 
and  adapting  them  to  enamels  and  enamel  raw  materials, 
has  led  the  author  to  put  them  in  this  form  for  others 
who  might  use  them.  While  he  claims  little  originality 
in  the  methods  themselves,  he  does  claim  originality 
in  the  adaptations  here  given.  Each  and  every  one  of 
these  methods  has  been  thoroughly  tried  out,  either  in  the 
laboratory  of  the  Columbian  Enameling  and  Stamping 
Company,  at  Terre  Haute,  Ind.,  or  in  the  chemical  labora- 
tories of  the  University  of  Kansas. 

PART  I. 

THE  ANALYSIS  OF  AN  ENAMEL. 

The  analysis  of  an  enamel  presents  one  of  the  most 
difficult  and  complicated  problems  with  which  the  analyst 
comes  in  contact.  An  enamel  is  generally  an  insoluble 
silicate  containing  besides  silica,  iron,  alumina,  calcium, 
magnesium   and   the  alkalies,   generally   boron,   fluorine, 

1  This  paper  was  prepared  as  a  thesis  for  the  master's  degree  at  Rose 
Polytechnic  Institute.  The  author  desires  to  render  thanks  to  Dr.  W.  A. 
Noyes  and  Dr.  John  White,  his  former  instructors,  for  advice  freely  given, 
and  to  Dr.  B.  H.  S.  Bailey  and  Dr.  H.  P.  Cady  for  suggestions  offered. 
Methods,  especially  from  the  following  sources,  have  been  freely  used,  and 
adapted  to  the  specific  uses  herein  described:  Treadwell  and  Hall's  "Analyti- 
cal Chemistry";  Classen's  "Ausgewahlte  Methoden  der  Analytischen  Chemie"; 
Sutton's  "Volumetric  Analysis";  liUnge  and  Keane's  "Technical  Methods  of 
Chemical  Analysis";  "Methods  of  Agricultural  Analysis"  fBul.  107,  U.  S. 
Dept  of  Agric.'i;  Hillebrand's  ".Analysis  of  Silicate  Rocks"  (U.  S.  Geol.  Sur- 
vey Bui.  .305);  and  the  flies  of  the  Journals  of  the  various  Chemical  Societies. 
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maugaiie«e,  cobalt,  autiinony  aud  tin,  and  sometimes  phos- 
phorus aud  lead.  Before  attempting  the  quantitative 
analysis  of  any  enamel  a  thorough  qualitative  analysis 
ishould  be  run,  aud  this  will  enable  one  to  choose  a  quanti- 
tative separation.  One  of  the  most  important  aids  to  a 
correct  analysis  is  a  thorough  grinding.  The  sample  should 
be  ground  to  an  almost  impalpable  powder,  and  every 
conceivable  precaution  for  accuracy  taken. 

The  analysis  of  a  sample  of  enamel  to  be  taken  from 
a  piece  of  ware  involves  an  extra  difficulty.  The  coating  of 
enamel  almost  always  consists  of  two  or  more  layers — the 
lower  a  large  ground  coat,  and  the  upper  ones  white  or 
colored  enamels.  For  an  illuminating  analysis  these  must 
be  separated.  The  author  has  found  the  following  method 
of  V.  de  Luyeres^  good  for  doing  this :  The  surface  is 
scratched  lightly  with  a  piece  of  emery  cloth  or  a  file,  and  a 
coating  of  gum  acacia  or  glue  is  applied.  The  vessel  is 
placed  in  an  air-bath  and  heated.  The  glue  on  hardening 
generally  carries  with  it  some  of  the  outer  coat.  The  glue 
or  gum  is  then  broken  off,  dissolved  in  water  and  the  enam- 
el pieces  collected  on  a  filter  paper.  Some  obstinate  enam- 
els require  painstaking  methods,  such  as  chipping  off  with 
a  chisel  and  separating  the  different  coats — which  always 
vary  somewhat  in  color — by  picking  out  and  sorting,  using 
a  pair  of  forceps.  A  large  reading  glass  will  be  useful  in 
making  these  separations.  Any  iron  from  the  vessel  which 
may  adhere  to  the  enamel  may  be  removed  by  means  of  a 
magnet  after  the  sample  is  ground. 

Analysis  of  an  Enamel  Containing  Fluorine. 

In  an  enamel  containing  fluorine  the  usual  methods 
for  silicates  cannot  be  used,  as  si li con -tetra -fluoride 
would  be  volatilized  in  the  evaporation  with  hydrochloric 
acid  for  the  separation  of  the  silica. 

Fhiorhie.  One  gram  sample  is  very  finely  ground, 
slowly  fused  with  two  grams  each  of  potassium  carbonate 


*  Compte  Rendus  8,  p.  480. 
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and  sodium  carbonate.  The  melt  should  he  kept  in  quiet 
fusion  over  as  low  a  flame  as  possible  for  one  hour.  The 
melt  is  transferred,  (after  cooling  quickly  bv  giving  the 
crucible  a  gyratory  motion  while  held  in  the  tongs,  causing 
the  melt  to  cling  to  the  sides  instead  of  forming  a  solid 
cake  in  the  bottom),  to  a  platinum  dish  where  it  is  covered 
with  a  watch  glass  and  boiled  vigorously  with  one  hundred 
cc.  of  water.  The  residue  is  filtered  off  and  is  saved  for 
the  determination  of  the  metallic  oxides  and  the  silica. 

The  covered  solution  is  digested  on  a  steam  bath  for 
au  hour  with  several  grams  of  ammonium  carbonate,  and 
on  cooling  more  carbonate  is  added  and  the  solution  is 
allowed  to  stand  for  twelve  hours.  The  precipitate  of 
silica,  alumina,  etc.,  is  filtered  off,  washed  with  ammonium 
carbonate  water  and  is  saved  for  further  determinations. 

The  solution  containing  all  the  fluorine  and  traces  of 
silica,  phosphate,  etc.,  is  evaporated  until  gummy, 
then  diluted  with  water  and  neutralized  as  follows: 
Pheuolphthalein  is  added,  and  nitric  acid  (double  nor- 
mal) drop  by  drop  until  solution  is  colorless. 

The  solution  is  boiled  and  the  red  color  which  reap- 
pears is  again  discharged  with  nitric  acid,  boiled  again 
and  neutralized  again  until  one  cc.  of  acid  will  discharge 
the  color. 

The  last  traces  of  silica,  etc.,  are  now  removed,  as 
recommended  by  F.  Seemann  (Zeit.  Anal.  Chera.  44,  p. 
343),  by  the  addition  of  20  cc.  of  Schaffgotsch  solution. 
This  solution  is  made  as  follows:  250  grams  of  ammonium 
carbonate  are  dissolved  in  180  cc.  of  ammonia  (0.92  sp.  gr. ) 
and  the  solution  is  made  up  to  one  liter.  To  the  cold  solu- 
tion 20  grams  of  freshly  precipitated  mercuric  oxide  are 
added  and  the  solution  is  vigorously  shaken  until  the  mer- 
curic oxide  is  dissolved. 

The  precipitate  caused  by  the  Schaffgotsch  solution 
is  filtered  off  and  saved,  and  the  solution  is  evaporated  to 
dryness  and  the  residue  taken  up  with  water. 

Any  phosphorus  from  the  bone  ash  used  in  some  enam- 
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els,  and  cliroinium  which  may  be  present,  are  removed 
from  this  alkaline  solution  by  adding  silver  nitrate  in  ex- 
cess. Phosphate,  chromate  and  carbonate  of  silver  are 
here  thrown  down  and  may  be  determined  if  desired. 

The  excess  of  silver  is  removed  from  the  solution  by 
sodium  chloride,  and  one  cc.  double  normal  sodium  carbo- 
nate solution  is  added  to  the  filtrate,  and  the  fluorine  is 
precipitated  by  boiling-  with  a  large  excess  of  calcium- 
chloride  solution. 

The  precipitate,  consisting  of  a  mixture  of  calcium 
carbonate  and  fluo^*'de,  is  collected  on  a  blue  ribbon  filter 
paper  and  is  washed,  di  led,  ignited  at  low  red  heat,  sep- 
arated from  the  filter  paper,  and  the  residue  with  the  ash 
of  the  paper  is  treated  with  dilute  acetic  acid  until  carbon 
dioxide  is  no  longer  given  off  on  heating.  The  liquid  is 
then  evaporated  to  dryness,  the  residue  taken  up  with  hot 
water  (slightly  acidified  with  acetic  acid)  filtered,  dried 
and  gently  ignited  and  weighed  as  CaFg.  This  may  be 
checked  by  heating  with  sulfuric  acid,  driving  off  all  the 
excess  of  acid  and  reweighing  as  CaSOt.  This  method  gives 
results  for  the  amount  of  fluorine  checking  within  0.2%, 
but  which  are  generally  from  2%  to  4%  low. 

Silica.  For  the  estimation  of  silica  and  the  metallic 
oxides,  first  the  precipitate  from  the  Schaffgotsch  mercuric 
oxide  solution  is  ignited  to  drive  off  the  mercuric  oxide, 
and  the  silica  left  is  weighed.  The  residue  from  the  origi- 
nal melt,  together  with  the  precipitate  obtained  by  ammon- 
ium carbonate  (after  the  drying  and  removal  from  the 
filter  paper  whose  ash  is  added)  are  then  dissolved  in 
hydrochloric  acid.  The  solution  is  evaporated  to  dryness 
and  moistened  with  hydrochloric  acid.  It  is  diluted  with 
water  and  the  silica  is  filtered  off,  weighed,  and  this  with 
that  previously  obtained  is  the  total  silica. 

Irofiy  Alumina  and  Manganese.  The  solution  from 
the  silica  is  raised  to  boiling  and  the  iron  and  aluminum 
are  precipitated  as  hydroxides.  Then  5  cc.  of  bromine 
water  is  added  and  the  boiling  continued  for  five  minutes. 
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The  precipitate  is  dried  on  filter  paper  aud  ignited  separ- 
ately from  it  in  a  weighed  platinum  crucible,  to  which  the 
ash  of  the  filter-paper  is  afterwards  added.  The  precipi- 
tate consists  of  AloOg,  Fe203,  and  MnoO^,  and  is 
weighed  as  such.  It  is  then  fused  with  fifteen  times  its 
weight  of  potassium  pyrosulfate  over  a  Ioav  flame  for  three 
hours  with  the  crucible  covered.  The  crucible,  contents 
and  cover  are  placed  in  a  beaker  and  dilute  sulfuric  acid 
(10:1)  is  added.  By  warming  and  continued  shaking  of 
liquid  complete  solution  may  be  obtained.  It  is  then 
drawn  through  a  Jones  Eeductor  to  change  all  the  iron 
to  ferrous  and  titrated  with  N/10  potassium  permanganate 
solution.  The  iron  is  calculated  to  FeoO...  and  the  alumina 
determined  by  ditference. 

If  manganese  is  jjresent  it  is  determined  in  a  separate 
sample  in  a  method  given  later  and  is  subtracted  from  the 
ir©n  in  the  above.  In  white  enamels  containing  only  a 
trace  of  iron  the  manganese  may  be  determined  in  the  solu- 
tion from  the  pyrosulfate  fusion.  A  freshly  prepared 
solution  of  potassium  ferricyanide  is  added  to  oxidize  the 
manganese,  then  the  solution  is  made  alkaline  with  sodium 
hydroxide  solution  and  the  manganese-dioxide  thus  formed 
is  filtered  ofP.  The  solution  is  then  made  acid  and  the 
ferrocyanide  is  titrated  with  N/10  potassium  permanga- 
nate solution.      (1  cc.  KMn04  =  0.00435  gram  MnO.) 

Calcium  Oxide.  The  filtrate  from  the  iron  and 
alumina  is  raised  to  boiling,  treated  with  boiling  ammon- 
ium oxalate  solution  and  digested  on  Avater  bath  until 
precipitate  readily  and  quickly  settles  after  being  stirred. 
The  calcium  oxalate  is  now  filtered  off  and  ignited  Avet  in 
platinum  to  constant  weight  OA^er  a  strong  blast. 

Maf/nesium  Oxide.  The  solution  is  evaporated  to 
dryness  and  tbe  residue  ignited  to  remove  ammonium  salts. 
The  residue  is  treated  Avith  a.  feAv  drops  of  hydrochloric 
acid  and  taken  up  Avifh  boiling  v\'ater  and  filtered  from 
the  carbonaceous  residue.  To  the  boiling  solution  is  added 
drop  by  drop  a  solution  of  sodium  ammonium  phosphate 
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and  is  allowed  to  oool.  Half  as  iniirli  concentrated  am- 
jnoninm  hydroxide  is  added  as  there  is  solution  and  it  is 
allowed  to  stand  over  night.  The  precipitate  is  collected 
on  a  filter,  washed  with  3%  ammonia  water,  dried  in  oven 
and  ignited  separate  from  tlie  filter.  The  heat  is  applied 
gently  at  first  and  finally  with  the  highest  heat  of  a  good 
Bunsen  burner.      It  is  then  weighed  as  MgoP^Oy. 

1  gram  MgoPsOy  =  .3625  grams  MgO. 

The  alkalies  are  detennined  by  the  method  of  J.  Law- 
rence i^mith  from  a  gram  sample  finely  powdered.  This 
method  is  standard  and  need  not  be  given  here. 

Separation  and  Determination  of  Antimony,  Tin. 
Manganese  and  Cobalt  in  Enamel. 

D(coin[)osition.  Two  grams  finely  powdered  sample 
are  transferred  to  a  platinum  dish,  and  after  moistening 
with  a  little  \>ater,  pure  hydrofluoric  acid  is  added  and 
the  whole  is  mixed  with  a  platinum  spatula.  The  dish  is 
digeste<l  on  steam  bath  for  fiye  hours  covered  with  plati- 
num cover  (a  larger  platinum  dish  may  be  used  for  cover 
if  no  other  is  at  hand).  After  the  decomposition  is  com- 
plete the  solution  is  evaporated  to  dryness  on  steam  bath. 
The  residue  is  moistened  with  enough  dilute  sulfuric  acid 
(1:1  I  to  make  a  thin  paste,  and  evaporated  as  far  as 
possible  on  a  steam  bath  and  then  on  a  hot  plate,  all  the 
time  being  covered  to  prevent  spirting.  As  soon  as  fumes 
of  sulfuric  anhydride  cease  to  be  evolved  the  cover  is 
strongly  heated  until  fumes  cease  to  be  driven  off,  when  it 
is  removed.  The  contents  are  heated  by  bringing 
the  dish  to  dull  redness  directly  over  a  Bunsen  burner. 
The  sulfates  thus  formed  are  moistened  with  strong  hydro- 
chloric acid,  a  little  hot  water  is  added  and  the  solution 
boiled  witli  repeated  additions  of  acid  and  water  until 
completely  in  solution.  In  some  enamels — especially  those 
with  high  melting  points — the  stannic  oxide  remains  un- 
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dissolved,  aud  a  fusion  of  tlie  residue  with  sulfur  and 
sodium  carbonate  as  given  later  under  "The  Analysis  of 
Oxide  of  Tin"  may  be  necessary. 

Treatment  with  H.^S.  The  solution  containing  at 
least  30  cc.  double  normal  hydrochloric  acid  is  transferred 
to  a  500  cc.  Ehrlenmeyer  flask  fitted  with  a  double  bored 
stopper.  Through  one  of  the  holes  a  right-angled  piece  of 
glass  tubing  is  introduced  that  just  reaches  to  the  lower 
edge  of  the  stopper,  while  through  another  hole  another 
right-angled  glass  tube  is  fixed  so  that  it  almost  reaches 
the  bottom  of  the  flask. 

A  Kipp  H2S  generator  is  connected  to  the  longer  tube 
and  H2S  is  passed  through  for  half  an  hour  and  the  solu- 
tion is  let  stand  for  another  half  an  hour,  after  which  the 
sulfides  of  antimony  and  tin  are  transferred  to  a  filter 
paper  and  the  solution  is  kept  for  the  determination  of 
manganese  and  cobalt. 

Antimony  and  Tin.  The  precipitated  sulfides  are 
dissolved  in  a  solution  of  potassium  polysulfide — if  any 
ilead  or  copper  is  present  it  will  remain  undissolved  and 
onay  be  determined  separately — by  pouring  this  succes- 
sively through  the  filter  into  a  300  cc.  Jena  beaker,  and 
finally  washing  with  water  containing  a  small  amount  of 
potassium  polysulfide. 

Antimony.  The  antimony  and  tin  in  this  solution 
are  separated  by  F.  W.  dark's  method  as  modified  by  F. 
Henz^,  as  follows: 

To  the  solution  in  the  Jena  beaker  6  grams  caustic 
potash  and  3  grams  tartaric  acid  are  added.  To  this 
mixture  twice  as  much  30  per  cent,  hydrogen  peroxide  is 
added  as  is  necessary  to  completely  decolorize  the  solution, 
and  the  latter  is  now  heated  to  boiling  and  kept  there  until 
the  evolution  of  oxygen  is  over,  in  order  to  oxidize  the 
thiosulphate  formed.  All  of  the  excess  of  peroxide  cannot 
be  removed  successfully  at  this  point.  The  solution  is 
cooled  somewhat,  the  beaker  covered  with  a  watch-glass. 


>  Treadwell.  Vol.  II.  p.  188. 
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and  a  hot  solution  of  15  grams  pure  recrystallized  oxalic- 
acid  is  cautiously  added  (5  gms.  for  0.1  gm.  of  the  mixed 
metals).  This  causes  tlie  evolutiou  of  considei'able  carbon 
dioxide.  Now,  in  order  to  completely  remove  the  excess 
of  hydrogen  peroxide  the  solution  is  boiled  vigorously  for 
ten  minutes.  The  volume  of  the  liquid  should  amount  to 
from  80  to  100  cc.  After  this  a  rapid  stream  of  hydrogen 
sulfide  is  couducteil  into  the  boiling  solution,  and  for 
some  time  there  will  be  no  precipitation,  but  only  a  white 
turbidity  formed.  At  the  end  of  five  or  ten  minutes  the 
solution  becomes  orange  colored  and  the  antimony  begins 
to  precipitate,  and  from  this  point  the  time  is  taken.  At 
the  end  of  fifteen  minutes  tlie  solution  is  diluted  with  hot 
water  to  a  volume  of  250  cc,  at  the  end  of  another  fifteen 
minutes  the  flame  is  removed,  and  ten  minutes  later  the 
current  of  hydrogen  sulfide  is  stopped.  The  precipitated 
antimony  pentasulfide  is  filtered  otf  tlirough  a  Gooch 
crucible  which,  before  weighing  and  after  drying,  has  been 
heated  in  a  stream  of  carbon  dioxide  at  300° C.  for  at  least 
one  hour.  The  precipitate  is  washed  twice  by  decantatiou 
with  1  per  cent,  oxalic  acid  and  twice  with  very  dilute 
aretic  acid  before  bringing  it  in  the  crucible.  Both  of 
these  wasli  liquids  should  be  boiling  hot  and  saturated 
with  hydrogen  sulfide. 

The  crucible  is  heated  in  a  current  of  carbon  dioxide 
(free  from  airi  to  constant  weight,  and  its  contents 
weighed  as  SboSg, 

The  filtrate  is  evaporated  to  a  volume  of  about  225 
cc,  transferred  to  a  weighed  unpolished  platinum  dish,  and 
eleetrolyzed  at  00-  to  80°C.  with  a  current  of  0.2  to  0.3 
ampere  (corresponding  to  2  to  3  volts).  For  very  small 
amounts  of  tin.  a  <ni-rent  of  not  over  0.2  ampere  should  be 
used.  At  the  end  of  six  l)Ours  8  cc  of  sulfuric  acid  (1:1) 
are  added,  and  at  the  end  of  twenty-four  hours  the  solu- 
tion is  transferred  to  another  dish.  The  deposited  tin  has 
a  beautiful  appearance,  similar  to  silver. 
.  Tin.  The  plate<l  tin  is  washed  thoroughh^  with  water 
and  the  dish  is  dried  in  an  air  oven  at  110°  and  weighed. 
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The  solution  coiitainiug  the  col)alt  and  mang-auese  is 
boiled  until  free  from  RoS.  The  iron  is  oxidized  back  to 
the  ferric  state  by  the  addition  of  bromine  water  and 
boiling  until  the  excess  of  the  latter  is  expelled.  Ten  cc. 
double  normal  ammonium  chloride  is  added  and  the  iron 
and  alumina  are  precipitated  by  the  addition  of  ammonia 
and  are  filtered  off.  (The  iron  alumina  maj^  be  determined 
from  this  precipitate  if  desired.) 

The  solution  still  containing  the  manganese  and  co- 
balt is  transferred  to  an  Ehrlenmeyer  flask  fitted  for  pass- 
ing in  HoS,  as  before  described,  and  3  cc.  strong  ammonia 
is  added.  HoS  is  passed  through  for  some  time,  and  after 
precipitation  ceases  3  cc.  more  of  ammonia  are  added  and 
the  liask  is  filled  to  the  neck  (300  cc.  flask),  is  corked  and 
set  aside  for  twelve  hours  at  least.  The  precipitate  is 
collected  and  washed  on  a  small  filter  with  water  contain- 
ing amonium  chloride  and  sulfide. 

Manganese.  The  manganese  is  extracted  from  the 
precipitate  on  the  filter  by  pouring  through  it  strong  H^S 
water  acidified  with  if,  its  volume  hydrochloric  acid  (sp. 
gr.  1.11).  This  solution  from  the  extraction ~rs  evaporated 
to  dryness,  ammonium  salts  are  destroyed  by  evaporation 
with  a  few  drop  of  sodium  carbonate  solution,  hydro- 
chloric acid  and  a  drop  of  sulfurous  acid  are  added  to 
decompose  excess  of  carbonate  and  to  dissolve  the  pre- 
cipitated manganese,  and  the  latter  is  reprecipitated  at 
boiling  heat  by  sodium  carbonate  after  evaporating  off  the 
hydrochloric  acid.  The  manganese  is  weighed  as  Mn.jO^ 
and  calculated  to  MnO^>,  in  which  form  it  is  probably 
present  in  the  enamel. 

The  residue  of  cobalt  sulfide  left  after  extracting  the 
manganese  is  burned  in  a  porcelain  crucible,  dissolve*!  in 
aqua  regia,  and  evaporated  with  hydrochloric  acid ;  the 
platinum — and  copper  if  any  is  prevsent — are  thrown  down 
by  heating  and  passing  in  hydrogen  sulfide.  The  filtrate 
from  the  platinum  and  copper  is  made  ammoniacal,  and 
cobalt  is  thrown  down  bv  hvdrogen  sulfide.    This  is  filtered 
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otf  aud  washed  with  water  containing  ammonium  sulfide. 
This  is  either  ignited  aud  weighed  as  oxide  or  more  accur- 
ately determined  by  dissolving  in  an  ammoniatal  solution 
of  ammonium  sulfate,  containing  10  grams  of  ammonium 
sulfate  and  40  cc.  of  concentrated  ammonia  for  each  0.3 
grams  of  cobalt,  and  eleL-trolvzing  in  a  weighed  platinum 
dish  at  room  temperature  with  a  current  of  0.5  to  1.5 
aanpere,  and  an  electromotive  force  of  2.8  to  3.3  volts.  The 
electrolysis  is  finished  in  three  hours.  The  circuit  is 
broken  and  the  liquid  poured  off,  and  the  platinum  dish  is 
washed  with  water,  then  with  absolute  alcohol  (distilled 
one  hour)  and  finally  with  ether,  allowed  to  dry  in  oven 
at  95°  for  one  minute  and  then  weighed.  The  metallic 
cobalt  is  calculated  as  CoO,  in  which  form  it  is  present  in 
the  enamel. 

The  Determination  of  Boric  Anhydride  in  Enamel. 

The  boron  is  determined  in  a  separate  sample  of  about 
0.3  grams.  '  This  finely  pulverized  sample  is  fused  with 
three  grams  sodium  carbonate  for  fifteen  minutes,  is  taken 
up  with  thirty  cc.  dilute  hydrochloric  acid  and  a  few  drops 
of  nitric  acid.  The  melt  is  heated  in  a  250  cc.  round-bot- 
tomed flask  almost  to  boiling,  and  dry  precipitated  cal- 
cium carbonate  is  added  in  moderate  excess.  The  solution 
is  boiled  in  the  flask  after  it  has  been  connected  with  a- 
six-inch  worm  reflux  condenser.  The  precipitate  is  filtered 
on  an  8  cm.  Buchner^  funnel,  and  is  washed  several  times 
with  hot  water,  taking  care  tliat  the  total  volume  of  the 
liquid  does  not  exceed  100  cc. 

The  filtrate  is  returned  to  the  flask,  a  pinch  of  calcium 
carbonate  is  added  and  the  solution  is  heated  to  boiling  to 
remove  the  free  carbon  dioxide.  This  is  best  done  by  con- 
necting the  flask  to  a  suction  pump,  and  the  suction  is  ap- 
plied during  l>oiling.     The  solution  is  cooled  to  ordinary 


'  See  Method  of  Wherry  and  Chapin.  Jr..  Am.  Chem.  Soc.  30.  p.  1688,  for 
Determination   of  Boron  in  Silicates. 
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temperature,  tillered  if  the  precipitate  lias  a  red  color,  and 
four  or  five  drops  of  plieuolphtbaleiu  is  added  and  N/10 
sodium  hydroxide  solution  is  run  in  slowly  until  liquid 
has  a  strongly  pink  color.  A  gram  of  mannite  (or  150  ce. 
of  neutral  gl^'cerol)  is  added,  whereupon  the  pink  color 
will  disappear.  Continue  to  run  in  N/10  sodium  hydroxide 
until  end  point  is  reached.  Add  more  mannite  or  glycerol 
and  if  necessary  more  alkali,  until  a  i)ermanent  pink  color 
is  obtained. 

1  cc.  N/10  Sodium  Hydroxide  =  .0035  g.  B2O3. 

Lead.  The  enamel  for  cooking  utensils  should  never 
contain  lead.  To  determine  whether  a  cooking  utensil 
contains  lead,  E.  Adam  gives  the  following  simple  qualita- 
tive method:  A  small  piece  of  filter  paper  moistened  with 
hydrofluoric  acid  is  placed  upon  the  enamel  and  allowed 
to  remain  for  some  minutes;  the  papei,  together  with  any 
pasty  mass  adhering  to  the  enamel,  is  then  washed  off  into 
a  small  platinum  basin,  diluted  with  water,  and  tested 
for  lead  by  passing  H^S  through  the  solution. 

J.  Griinwald  (Oesterr,  Chem.  Ztg.  8,  p.  46)  gives  an- 
other quick  test  for  lead  :  Wet  small  portion  of  surface  with 
HNO.i  (cone.)  and  heat  until  acid  is  evaporated.  Add 
several  drops  of  water  and  a  few  drops  10%  potassium 
iodide  solution,  and  if  even  a  trace  of  lead  is  present  yel- 
low lead-iodide  will  be  produced. 

Determination  of  Phosphoric  Anhydride  in  Enamel. 

Enamels  containing  bone  ash  to  give  opaqueness  are 
analyzed  for  P2O5  as  follows: 

To  a  gram  sample  of  very  finely  pulverized  enamel  in 
a  platinum  crucible  one  cc.  of  sulfuric  acid  is  added  and 
the  crucible  is  filled  half  full  (about  ten  cc.  are  required) 
with  hydrofluoric  acid.  The  crucible  is  heated  on  the 
water  bath  until  most  of  the  solution  is  evaporated  and 
then  gently  on  a  hot  plate  to  remove  all   the  fluorine  as 
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silicon-tetra-tluoride  and  as  hydrofluoric  acid,  but  no 
sulfuric  acid  fumes  should  evolve,  as  P2O5  is  volatile.  The 
residue  is  dissolved  iu  nitric  acid  and  taken  to  dryness, 
moistened  with  nitric  acid,  diluted  with  water,  filtered 
and  washed  with  a  very  little  water. 

Add  aqueous  ammonia  to  the  solution  from  above 
until  the  precipitate  of  calcium  phosphate  first  produced 
just  fails  to  redissolve,  and  then  dissolve  this  by  adding  a 
few  drops  of  nitric  acid.  Warm  the  solution  to  about 
70°C.  and  add  50  cc.  ammonium  molybdate  solution  {~0g. 
M0O3  per  liter).  Allow  the  mixture  to  digest  at  50^  for 
twelve  hours.  Filter  off  precipitate  washing  by  decanta- 
tion  with  a  solution  of  ammonium  nitrate  made  acid  with 
nitric  acid. 

The  precipitate  on  the  filter  is  dissolved  by  pouring 
through  it  dilute  ammonia  solution  (one  volume  of  0.96 
sp.  gr.  ammonia  to  three  volumes  of  water*. 

The  solution  is  received  in  the  beaker  containing  the 
bulk  of  tlie  precipitate,  all  of  which  is  dissolved  in  the 
ammonia  solution. 

An  excess  of  magnesium  ammonium  chloride  ( "mag- 
nesia mixture")  solution  is  added  very  slowly  and  with 
constant  stirring.  Let  solution  stand  over  night.  Decant 
clear  solution  through  a  filter  and  wash  by  decantation 
with  ammonia  water  (1:3).  Dissolve  the  precipitate  by 
X>ouring  a  little  hydrochloric  acid  (sp.  gr.  1.12)  through 
the  filter,  allowing  the  acid  solution  to  run  into  the  beaker 
containing  most  of  the  precipitate.  When  all  the  precipi- 
tate on  the  filter  and  in  the  beaker  is  dissolved  wash  the 
filter  paper  witli  a  little  hot  water.  To  the  solution  add 
2  cc.  magnesia  mixture  and  then  strong  ammonia,  drop  by 
drop,  with  constant  stirring  until  distinctly  ammoniacal. 
Stir  several  minutes  then  add  strong  ammonia  equal  to 
one-third  of  the  liquid,  let  stand  two  hours  and  filter  off 
the  precipitate  of  magnesium  ammonium  phosphate.  Wash 
with  dilute  ammonia  water,  dry  the  precipitate,  ignite 
separately  from  the  filter,  first  at  low  temperature  and 
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gradually    raise    to    full    blast.      Weigh    precipitate    as 
MgsPoO^  and  calculate  as  P0O5  iu  sample. 

PART  II. 
THE  ANALYSIS  OF  ENAMEL  RAW  MATERIALS. 
The  Analysis  of  Borax. 

^amplhig.  A  handful  is  taken  fi-om  the  middle  of 
every  tenth  bag  as  it  is  unloaded.  The  sample  from  the 
entire  car-load  is  then  quartered  down  to  two  pounds. 
This  is  crushed  so  that  it  will  pass  through  a  forty  mesh 
sieve.  This  is  further  quartered  to  about  thirty  grams. 
Sample  is  then  accurately  weighed  and  thoroughly  dis- 
solved in  about  600  cc.  hot — not  boiling — water  in  a  liter 
volumetric  flask,  and  when  cool  is  diluted  to  the  mark. 
One  hundred  cc.  of  this,  representing  one-tenth  of  the 
sample,  is  then  taken  for  analysis. 

Determination  of  Sodium  Oxide  and  Boric  Acid. 
Titrate  with  normal  sulfuric  or  hydrochloric  acid  solution, 
using  methyl  orange  as  indicator. 

Number  cubic  centimeters  Normal  Acid  X  -031  =  g, 
NagO.  The  solution  is  now  boiled,  covered  with  a 
watch  glass  to  expel  CO^,,  and  on  cooling  may  turn  pink. 
Add  normal  KOH  solution  (a  drop  will  dot  to  bring  back 
yellow  color.  At  this  stage  all  the  boric  acid  exists  in  a 
free  state. 

(2NaM-B,07-)+H20  +  (2H-4-2Cl-)r=(2Na+-f2Cl-)4-4(H^-f4BOj-) 

Add  as  much  neutral  glycerol  as  there  is  solution 
(about  150  cc.)  and  titrate  with  normal  potassium  hy- 
droxide, using  phenolphthalein  as  indicator.  If  end  ia 
not  distinct  add  more  glycerol  and  more  indicator..  The 
addition  of  glycerol  causes  the  boric  acid  to  become  more 
dissociated,  probably  due  to  the  formation  of  boroglyceric 
acid,  and  the  end-point  is  quite  distinct.  The  following 
equation  represents  essentially  what  takes  place: 

(4H*-f4BO„-)  +  (4K*+40H-)  =  (4K^+4BO,-) +4HjO. 
1  cc.  normal  KOH  solution^  .035  g.  B,0  . 
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If  the  analvsis  gives  more  NaoO  than  is  required  to 
calculate  all  tlie  B2O3  to  NaoB^O-,  the  remainder  comes 
from  sodium  carbonate  with  which  it  has  been  adulterated. 

Calculation  of  Results.  The  analysis  of  the  borax 
is  very  important,  as  many  times  samples  are  adulterated, 
and  even  when  not  adulterated  seldom  contain  exactly 
enough  water  to  give  the  formula  Na2B407  •  lOHgO.  It  is 
necessary  to  know  the  strength  of  the  borax  not  only  to 
buA'  intelligently,  but  also  so  that  each  and  every  mix  of 
enamel  will  contain  the  same  amount  of  borax. 

It  is  customary  to  calculate  from  the  percent  of  B2O3 
in  sample  the  percent  strength  of  the  sample  as  Nag '  B^O-  • 
lOHoO. 

%B,O3X2.7307  =  %Na„B,O,  •  10H,O. 

When  the  sample  has  dehydrated  of  course  this  will 
run  over  100%,  and  thus  the  correspondingly  fewer  pounds 
of  borax  may  be  used  in  the  mix  of  enamel. 

Moisture.  On  account  of  the  large  amount  of  water 
of  crystallization  in  borax  it  is  difficult  to  determine  the 
moisture  directly,  therefore  it  is  calculated  by  subtracting 
the  %  Na.B^O^lOHoO  and  the  %  NaoCOo  (if  any  is 
present!  from  100%. 

The  Analysis  of  Ground  Sand,  Flint  and  Quartz. 

Fineness.  These,  as  are  most  of  the  raw  materials 
used  in  the  enamel,  are  tested  for  fineness.  One  kilogram 
is  weighed  on  balance  sensitive  to  1/10  gram  and  is  shaken 
on  a  100  mesh  sieve.  The  material  remaining  on  the  sieve 
is  weighed.  This  is  then  shaken  on  an  80  mesh  sieve  and 
the  residue  weighed.  From  this  is  calculated  percent 
through  100  mesh  and  percent  through  80  mesh.  The  finer 
the  material  the  better  it  is  for  use  in  making  enamel. 

An  analysis  for  SiO^,  Fe^O.;  and  MgO  is  run  when  a 
new  material  is  being  tried,  but  generally  only  the  SiOg 
and  FeoOo  are  determined.  In  this  case  the  acid  solution 
from  the  silica  is  reduced  by  passing  through  a  Jones 
Reductor  and  is  titrated  with  N/10  potassium  bichromate. 
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Freparatioit  for  Analysis.  The  material  is  carefully 
sampled  by  quartering  down  to  several  grams.  This  is 
ground  in  an  agate  mortar  to  pass  completely  through  a 
liundred  mesh  sieve.  This  grinding  is  generally  done  by 
hand  but  an  enameling  works  laboratory  should  be  equip- 
ped with  a  McKenna  Grinder,  (manufactured  by  McKenna 
Bros.  Brass  Company,  Ltd.,  of  Pittsburgh),  in  which  the 
material  can  be  ground  in  an  agate  mortar  by  power. 

The  method  followed  for  the  analysis  of  flint  and 
other  forms  of  silica  as  well  as  clays  and  feldspars,  is  in 
all  essentials,  a  well  known  method  given  by  Hillebrand  in 
analysis  of  silicate  rocks,  U.  S.  Geological  Survey  Bull. 
305,  and  for  reasons  of  space  this  method  will  not  be  given 
here. 

The  Determination  of  Titanium  in  Enamels,  Clays  and 
Silicate  Minerals. 

Titanium  is  determined  after  the  determination  of  the 
iron  by  titrating  with  permanganate.  This  solution  (after 
titrating)  is  diluted  to  1000  cc.  and  is  treated  with  hydro- 
gen peroxide  and  the  titanium  determined  by  A.  Weller's 
Colorimetric  Method,^  from  one-half  the  solution. 

This  determination  depends  upon  the  fact  that  acid 
solutions  of  titanium  sulphate  are  colored  intensely  yel- 
low when  treated  with  hydrogen  peroxide ;  the  yellow  color 
increases  with  the  amount  of  titanium  present  and  is  not 
altered  by  an  excess  of  hydrogen  peroxide.  On  the  other 
hand,  inaccurate  results  are  obtained  in  the  presence  of 
hydro-fluoric  acid  (Hillebrand)  ;  consequently  it  is  not 
permissible  to  use  hydrogen  peroxide  for  this  determina- 
tion which  has  lieen  prepared  from  barium  peroxide  by 
means  of  hydrofluosilicic  acid.  Furthermore,  chromic, 
vanadic,  and  molybdic  acids  must  not  be  present,  since 
they  also  give  colorations  with  hydrogen  peroxide.  The 
presence  of  small  amounts  of  iron  do  not  affect  the  reac- 


1  Berichte  15,    p.    25-93. 
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tiou,  but  large  amounts  of  iron  cause  trouble  on  account 
of  the  color  of  the  iron  sohition.  If,  however,  phosphoric 
acid  is  added  to  the  colored  ferric  solution  it  becomes  de- 
colorized, and  from  such  a  solution  the  determination  of 
titanium  offers  no  difficulty.  The  solution  in  which  the 
titanium  is  to  be  determined  must  contain  at  least  5  per 
cent,  of  sulfuric  acid;  an  excess  does  not  influence  the 
reaction.  The  reaction  is  so  delicate  that  0.00005  gm.  of 
Ti02  present  as  sulphate  in  50  cc.  of  solution  give  a  dis- 
tinctly visible  yellow  coloration. 

For  this  determination  a  standard  solution  of  titan- 
ium sulfate  is  required.  This  can  be  prepared  by  taking 
O.GOOO  guL  of  potassium  titanic  fluoride  which  has  been 
several  times  recrystallized  and  gently  ignited  (corres- 
ponding to  0.2  gm.  of  TiOo).  This  is  treated  in  a  platinum 
crucible  several  times  with  a  little  water  and  concentrated 
sulfuric  acid,  expelling  the  excess  of  acid  by  gentle  igni- 
tion, finally  dissolving  in  a  little  concentrated  sulfuric 
acid  and  diluting  with  5  per  cent,  sulfuric  acid  to  100  cc. 
One  cubic  centimeter  of  this  solution  corresponds  to  0.002 
gm.  TiOs- 

The  determination  proper  is  carried  out  in  the  same 
^^HJ  as  the  colorimetric  determination  of  ammonium  in 
the  sanitary  analysis  of  water. 

50  cc.  of  the  solution  which  has  been  brought  to  a 
definite  and  accurately  measured  volume  is  placed  in  a 
Nessler  tube  beside  a  series  of  other  tubes,  each  containing 
a  known  amount  of  the  standard  titanium  solution,  filled 
up  to  the  mark  with  water  and  each  treated  with  2  cc.  of  3 
per  cent,  hydrogen  peroxide^  (free  from  hydrofluoric 
acid).  The  color  of  the  solution  in  question  is  compared 
with  the  standards.  This  method  is  only  suitable  for  the 
estimation  of  small  amounts  of  titanium,  as  the  shades 
of  strongly  colored  solutions  cannot  be  compared  accur- 
ately. 


>  The    hydrogen    peroxide    solution    is    prepared    shortly    before    using    by 
dissolving  commercial   potassium   percarbonate   in   dilute   sulfuric  acid. 
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The  Analysis  of  Oxide  of  Tin. 

i^tannic  Oxide.  As  this  is  one  of  the  most  important 
and  most  expensive  of  the  raw  materials  used  in  enamel- 
ing^, an  analysis  is  very  necessary.  The  oxide  is  hought  to 
contain  not  less  than  99.5%  SnOg,  and  in  this  the  impuri- 
ties will  consist  of  minute  traces  only  of  other  materials. 
For  an  oxide  of  this  kind  from  .2  to  .3  of  a  gram  of  the 
sample  is  placed  in  a  porcelain  casserole,  about  10  cc.  of 
C.  P.  nitric  acid  of  a  srp.  gr.  1.2  is  added  and  the  solution 
is  slowly  evaporated  to  a  volume  of  about  2  or  3  cc,  diluted 
to  about  30  or  40  cc.  of  water,  kept  warm  for  about  a  half 
hour,  filtered  on  a  small  blue-ribbon  filter  paper,  and 
washed  with  warm  water,  slightly  acidulated  witli  nitric 
acid,  being  careful  to  avoid  letting  the  precipitate  creep 
up. 

The  precipitate  is  dried  on  filter  paper  in  the  funnel 
by  placing  in  a  hot  air  bath.  The  dried  tin  oxide  is  then 
removed  as  completely  as  possible  from  the  filter  paper  and 
the  paper  is  ignited  in  a  porcelain  crucible,  being  sure  that 
there  is  an  excess  of  air  so  that  there  will  be  no  metallic 
tin  reduced. 

The  balance  of  oxide  of  tin  is  now  added  to  the  cru- 
cible and  the  whole  is  moistened  with  a  drop  of  nitric  acid, 
the  temperature  under  the  crucible  is  gradually  raised 
until  it  comes  to  a  bright  red  heat  over  the  blast  flame. 

This  method  gives  results  wliich  check  within  one- 
tenth  of  a  per  cent. 

Some  brands  of  oxide  of  tin  on  the  market  contain  a 
number  of  impurities  in  considerable  quantities.  Lead, 
iron,  silica,  sodium  chloride,  sodium  sulfate  and  water 
are  the  most  common  of  these.  These  are  determined  as 
follows : 

Direct  Method.  Methods  for  the  direct  determination 
of  the  tin  have  proven  quite  unsatisfactory  but  the  follow- 
ing, with  very  careful  manipulation,  yields  results  check- 
ing within  0.2%  : 

Five-tenths  grams  of  oxide  is  mixed  in  a  porcelain 
crucible  with  3  grams  each  of  powdered  sulfur  and  dry 
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carbonate  of  soda,  which  both  of  course  must  be  C.  P., 
especially  free  of  metals  and  earths.  The  covered  crucible 
is  heated  for  about  an  hour  at  low  heat  first,  and  later  at 
the  heat  of  a  regular  Buusen  burner ;  then  let  cool  without 
lifting  the  cover.  The  cold  mass  is  dissolved  in  water, 
filtered  and  washed  with  water  to  Avhich  was  added  a  little 
sulfide  of  ammonia ;  the  residue  is  brought  back  in  the 
crucible  and  the  melting  process  repeated,  of  which  the 
solution  is  filtered  to  the  first  melting.  The  sulfide  tin 
solution  then  is  acidulated  with  hydrochloric  acid  and  the 
precipitated  sulfide  of  tin  is  allowed  to  settle  clearly,  after 
which  it  is  filtered  and  washed  with  sulfide  of  hydrogen 
water. 

The  wet  precipitate  of  sulfide  of  tin  is  transferred 
to  an  Ehrlenmeyer  flask  and  treated  with  dilute  hydro- 
chloric acid  and  bromine  until  completely  dissolved,  at  a 
low  heat.  The  filter  left  after  the  solution  is  filtered  off  is 
washed  and  the  SnCL  solution  is  precipitate<l  with  am- 
monia and  a  little  nitrate  of  ammonia,  allowed  to  settle, 
filtered  and  washed.  .Vfter  drying,  the  precipitate  is 
ignited  at  white  heat  and  is  weighed  as  SnO^. 

Reduction  Method.  When  the  qualitative  analysis 
shows  no  metal  other  than  tin  present,  a  very  satisfactory 
method  is  to  reduce  a  weighed  quantity  of  the  sample  in  a 
Rose  crucible  by  heating  to  redness  in  a  stream  of  hydro- 
gen. The  silica,  if  any  is  present,  may  be  determined  by 
dissolving  out  the  tin  with  hydrochloric  acid  and  weighing 
the  residue. 

Combined  Water.  In  oxides  wliicli  are  prepared  by 
certain  precipitation  methods,  the  combined  water  runs  as 
Jiigh  as  ten  per  cent.  To  determine  this,  a  two  gram  sam- 
ple is  heated  in  a  porcelain  crucible  at  a  white  heat  to 
constant  weight.     The  loss  is  combined  water. 

Lead.  Tlie  lead  is  determined  fi-om  the  nitric  acid 
solution  and  washings  from  the  tin  oxide  determination 
by  precipitation  as  the  sulfate. 

Iron.      Digest   about   one   gram    with    twenty-five   cc. 
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of  concentrated  hydrochloric  acid.  As  nuicli  water  is 
added  and  the  solution  is  boiled  for  five  minutes.  The 
residue  is  filtered  off  and  about  a  cubic  centimeter  of  con- 
centrated sulfuric  acid  is  added  and  the  soluti(m  is  evap- 
orated until  the  sulfuric  fumes  come  off.  The  solution  is 
diluted,  passed  through  a  Jones  Reductor  and  titrated 
witli  N/10  potassium  permanganate  solution. 

i^ohMe  Salts.  About  two  grams  of  the  sam])h''  is 
boiled  with  watei'  for  thirty  minutes.  The  residue  is  fil- 
tered on  a  blue-ribbon  paper  and  is  dried  in  an  air  bath. 
It  is  then  separated  as  completely  from  the  paper  as  is 
possible.  The  paper  is  burned  in  a  platinum  crucible.  A 
drop  of  nitric  acid  is  added  and  tlie  crucible  is  raised  to 
bright  red.  The  whole  of  the  residue  is  now  added  and 
heated  to  white  lieat  for  some  time.  (If  there  Avas  com- 
bined water  present  in  the  sample  of  course  it  will  be 
driven  off',  and  this  must  be  taken  into  calculation). 

The  loss  in  weight  (minus  the  above  correction)  is 
the  soluble  salts— usually  sodium  chloride  and  sulfate. 

If  desired  these  may  be  determined  definitely  by  usual 
methods.  (Titration  of  an  aliquot  part  with  N/10  silver 
nitrate  solution  for  the  chloride  and  precipitation  of  the 
sulfate  as  barium  sulfate  in  another  aliquot  part  slightly 
acidifies  with  nitric  acid.) 

^Wico.  To  the  residue  in  the  platinum  crucible  from 
the  above  determination  several  drops  of  sulfuric  acid  are 
added,  and  the  crucible  is  filled  within  a  quarter  of  an 
inch  of  the  rim  with  pure  hydrofluoric  acid.  This  is 
volatilized,  carrying  with  it  any  of  the  silica  as  hydrofluo- 
fiilic  acid.    Loss  of  weight  =  SiOo. 

The  Analysis  of  Pyrolusite. 

Pyrolusite  has  two  uses  in  enamel,  first  as  an  oxidiz- 
ing agent,  and  second  ro  give  an  amethyst  color  to  the 
enamel  fi'it.  Its  grading,  however,  is  generally  made  on 
its  oxidizing  value.    This  is  found  as  follows: 

Mmiqancse   Dio.vide.      A    sample   is    cni'ofuUv    taken 


ANALYSIS    FOR    ENAMEL    AND    ENAMEL    RAW    MATERIALS.         163 

from  eacli  l»ai-rol  of  the  shipment,  and  after  quartering 
down  to  about  ten  grams  is  ground  so  as  to  pass 
througli  a  I'OO  mesli  sieve.  (It  is  better  to  test  this  by  see- 
ing if  any  grit  can  be  detected  wlien  the  powder  is  placed 
between  the  teeth.)  Tlie  sample  is  dried,  spread  out  on  a 
watch  glass,  at  110''  for  one  hour,  transferred  to  a  stop- 
pered Aveighing  tube,  and  after  weigliing,  about  one-half 
gram  is  transferred  into  a  250  ce.  Ehrlenmeyer  flask.  For 
each  gram  of  sample  weighed  out  add  at  least  0.9  grams 
pure,  tested  oxalic  acid  (H0C0O4  •  2noO)  weighing  the  acid 
accurately  and  recording  the  same.  Add  al)Out  30  cc.  of 
water  and  30  cc.  5  normal  sulfuric  acid  and  drive  off  car- 
bon dioxide  by  heating  gently. 

It  is  seldom  necessary  to  filter  after  some  practice,  so 
the  solution  is  titrated  hot  for  the  excess  of  oxalic  acid 
witli  X/10  potassium  permanganate  solution.  C^alculate 
amount  of  oxalic  acid  oxidized  by  the  pyrolusite.  The 
reaction  is 

Mn02  -T  H2C2O4  •  2H2()    -  H2S04  =  MuSO^  -f  2CO2  -}  4H2O. 

Each  gram  oxalic  acid  oxidized  therefore  corresponds 
to  .6902  g.  MnOa. 

As  pyrolusite  is  added  to  some  enamels  only  to  give 
color  it  is  sometimes  necessary  to  know  its  coloring  power, 
and  this  is  dependent  upon  tlie  total  manganese. 

Total  MaiifianPHe.  One-half  gram  sample  is  boiled 
with  strong  hydrochloric  acid  until  chlorine  ceases  to  be 
eA^olved.  The  solution  is  neutralized  with  calcium  carbon- 
ate and  an  excess  of  a  strong  pltered  solution  of  bleaching 
powder  is  added.  The  solution  is  boiled  until  deep  red, 
then  alcohol  is  added  until  the  red  color  disappears.  The 
whole  of  the  manganese  now  exists  as  MnOo  and  may  be 
reduced  with  oxalic  acid  and  titrated  for  its  oxidizing 
power  as  before  with  N/10  permanganate  of  potassiuuL 
Each  iiram  oxalic  acid  oxidized  corresnonds  to  .4301  u.  Mn. 
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The  Analysis  of  Soda  Ash  and  Pearl  Ash. 

Geuerally  it  is  only  necessary  to  determine  the  total 
alkali  in  a  sample  of  either  soda  ash  or  pearl  ash,  and  to 
calculate  from  tliis  the  percentage  of  NaoO  or  K2O,  A 
more  complete  analysis  includes  the  determination  of  in- 
soluble matter,  iron,  chloride,  sulfate  and  moisture,  as  well 
as  the  total  alkali. 

InsoliihJe  Matter.  50  g.  weighed  on  roiigii  balance 
(sensitive  to  0.1  g. )  and  sufficient  water  added  to  dissolve 
the  ash,  shaking  until  dissolved.  After  an  hour's  digestion 
the  solution  is  filtered  tlirough  a  weighed  Gooch  crucible 
with  a  circle  of  filter  pa])er  covering  tlie  bottouL  This  is 
dried  at  105°  and  tlie  increase  in  weight  is  insoluble 
matter. 

Iron.  The  iron  in  the  al)Ove  insoluble  matter  is  dis- 
solved by  pouring  hot  dilute  hydrochloric  acid  through 
the  precipitate  in  the  Gooch  crucible.  The  iron  is  precipi- 
tated from  this  by  ammonium  hydroxide  and  filtered  on  a 
white  ribbon  filter  paper.  The  still  moist  precipitate  is 
dissolved  in  sulfuric  acid,  reduced  by  means  of  a  Jones 
Reductor  and  titrated  with  N/10  permanganate. 

Chloride.  Three  gram  samples  are  dissolved  in 
water  and  nitric  acid  added  until  the  solution  is  neutral 
(test  with  litmus  paper).  It  is  then  titrated  with  N/10 
silver  nitrate  solution. 

Sulfate.  Five  or  ten  grams  are  dissolved  in  hydro- 
chloric acid  and  the  sulfate  precipitated  from  the  almost 
boiling  solution  by  the  addition  of  hot  barium  chlorirle 
solution. 

Total  Alkali.  Twenty-five  grams  are  dissolved  in 
water  in  a  500  cc.  volumetric  flask  and  50  cc.  are  titrated 
with  N.  hydrochloric  acid,  using  methyl  orange  as  indi- 
cator. 

Hydroxide.  To  50  cc.  from  above,  precipitate  all  the 
carbonate  with  barium  chloride.  Without  filtering,  add 
phenolplitlialeiii  and  titrate  until  colorless  with  normal 
hydrochloric  acid. 
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Moisture.  Ten  gram  samples  are  dried  at  120^  for 
two  hours. 

The  Analysis  of  Saltpeter  and  Chili  Saltpeter. 

Moisture.  Ten  gram  samples  are  heated  to  coustant 
weight  in  an  air-bath  at  130 ^ 

InsoJuhJe  Matter.  Twenty  grams  are  dissolved  in 
boiling  water  and  filtered  through  a  weighed  Goooh  cru- 
cible with  a  circle  of  filter  paper  on  the  bottom.  After 
drying  at  110^  in  air  batli  to  constant  weight,  the  increase 
in  weight  is  the  insoluble  matter. 

ChJorine.  The  solution  from  above — this  should  be 
about  500  cc. — is  placed  in  a  1000  cc,  volumetric  flask  and 
25  cc.  (representing  0.5  g.  sample)  is  titrated  with  N/10 
silver  nitrate,  using  potassium  chromate  as  indicator.  The 
result  is  calculated  to  sodium  chloride. 

Sulfate.  Twenty  cc.  are  heated  to  boiling  and  precip- 
itated by  adding  hot  barium  cliloride  solution,  a  drop  at 
a  time  and  with  constant  stirring.  After  two  hours  diges- 
tion (or  until  precipitate  settles  quickly  after  agitating), 
filter  through  a  Gooch  crucible  with  ignited  asbestos  filter, 
ignite  and  weigh  as  barium  sulfate.  This  is  calculated  to 
calcium  sulfate. 

Calcium  and  Magnesium.  From  five  hundred  cc.  of 
the  above  solution  (equal  to  10  grams  sample)  at  boiling 
temperature  precipitate  the  calcium  as  oxalate  by  the  ad- 
dition of  ammonium  oxalate,  being  careful  not  to  add  much 
excess,  as  magnesium  is  to  be  determined  in  the  same 
sample.  Filter  on  a  white  ribbon  filter  paper,  after  an 
hour's  digestion  on  the  steam  bath,  ignite  wet  paper  in 
platinum  crucible,  gradually  increase  to  full  blast  and 
heat  to  white  heat  to  constant  weight.  Weight  as  calcium 
oxide. 

Determine  the  magnesium  in  filtrate  from  the  calcium 
by  addition  of  a  solution  of  mirrocosmic  salt  and  after- 
ward one-third  the  volume  of  concentrated  ammonium 
hydroxide,  added  drop  by  dr(>]>.     The  precipitate,  ignited 
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separate  fiuiii  the  tilter  paper,  is  heated  at  first  gently 
and  at  last  with  the  full  heat  of  a  Bunseu  burner,  and 
weighed  as  magnesium  pyrophosphate  (^NlgoPoO-). 

rerchJoratv.  Ten  grams  of  the  sample  of  >\hich  the 
chloride  content  has  already  been  determined,  is  mixed 
with  an  e(jual  «[uaiitity  of  chemically  ])ure  sodium  carbon- 
ate, and  is  heated  in  a  large,  covered,  platinum  crucible  to 
quiet  fusion.  Ten  or  fifteen  minutes  are  required.  The 
product  is  then  dissolved  in  nitric  acid  and  the  chloride 
estimated  as  usual. 

Kitrogen.  This  is  determined  by  the  Kjeldahl 
method  after  reducing  the  nitrate  to  ammonia.  Twenty 
grams  at  the  sample  are  ground  coarsely  and  dissolved  in 
water  in  a  liter  flask,  and  solution  is  diluted  to  the  mark. 
Twenty-five  cc.  (equal  to  0.5  g.  samijle)  of  this  solution  is 
mixed  in  a  800  cc.  Kjeldahl  flask  with  15  cc.  concentrated 
sulfuric  acid  to  which  2  grams  salicylic  acid  have  been 
added,  then  add  gradually  2  grams  zinc  dust  and  shake 
flask  to  mix  contents.  Digest  over  low  flame  with  neck  of 
flask  slightly  inclined  until  danger  of  frothing  has  passed. 
Increase  flame  until  the  acid  boils  briskly  and  until  white 
fumes  cease  to  come  off.  This  usually  takes  about  ten 
minutes. 

Add  .7  gram  mercuric  oxide  and  continue  boiling, 
adding  acid  if  necessary  to  keep  solution  from  solidifying. 
Solution  should  be  cleai'  in  a  short  time.  Complete  oxida- 
tion by  adding  a  little  powdered  potassium  permanganate 
and  allow  the  contents  to  cool.  Add  about  200  cc.  am- 
monia-free Avater  and  25  cc.  potassium  sulfide  solution 
(40  g.  commercial  salt  to  the  liter)  and  shake  thoroughly. 
Add  several  pieces  of  granulated  zinc  and  then  pour  care- 
fully d(»\Mi  the  side  of  tlie  neck  100  cc.  sodium  hydroxide 
solution  (500  g.  per  liter),  avoiding  shaking  aiul  thereby 
mixing  the  acid  and  alkali.  After  washing  the  neck  with 
ammonia-free  water  conncn-t  the  flask  immediately  with  a 
previously  set  up  block  tin  condenser,  which  lias  been 
thoroughly  washefl  and  Die  ti])S  of  whose  delivery  ai-e  im- 


ANALYSIS    FOR    ENAMEL    AXD    ENAMEL    RAW    MATERLVLS. 


16-; 


1  CZK  SOC   VOL  1 


mersed  in  30  ce.  standard  acid  solution  (half  nornuiii, 
colored  with  methyl  orange  contained  in  a  150  cc.  Phillip's 
flask.  Mix  contents  of  diuestion  flask  hx  shaking-  thor- 
oughly, then  heat  carefully,  then  slowly  (taking  about  an 
hour)  distill  over  200  cc.  of  the  liquid.  Titrate  excess  of 
acid  with  standard  half  normal  alkali  solution,  and  from 
this  calculate  percentage  of  nitrogen  in  sample. 

Lung  Nitrometer  M  e  t  h  o  d. 
\^^here  frequent  analyses  are  made 
the  Lung^  Nitrometer  method  is  l)et- 
ter.  A  nitrometer  modified  espec- 
ially for  the  use  of  the  determination 
of  nitrate  in  saltpeter  is  here  illus- 
trated. The  Nitrometer  "A"  and 
the  leveling  tube  "B"  are  filled  with 
mercury.  From  a  twenty  gram  sam- 
ple which  has  been  dried  at  110'  to 
constant  weight  as  nearly  as  is  po.s- 
silde  0.35  grams  is  put  into  a  weigh- 
ing tube.  This  is  then  accurately 
weighed  and  the  contents  shaken 
into  the  entry  tube  "C."  The  weigh- 
ing tube  is  again  weighed  and  the 
difference  in  weight  is  the  grams 
sample  employed.  This  should  be 
close  to  0.35  grams  so  that  the  gas 
evolved  will  be  more  than  100  cc.  and  less  tlian  130  cc.  at 
ordinary  temperature  and  [tressure. 

About  .5  cc.  water  is  then  poured  in  and  the  solution 
and  crystals  (after  a  minute's  standing)  are  drawn  into 
the  measuring  tube  by  opening  the  lliree-way  cock  into 
the  entry  tube  "O"  and  lowering  the  leveling  bulb  cau- 
tiously. The  cup  is  washed,  using  less  than  1  cc.  of  water, 
and  about  15  cc.  of  strong  sulfuric  acid  is  arlmitted 
through  the  entry  tube  into  the  measuring  tu1>e.  (More 
than   114   cc.   HoO  renders  the  acid   too   <lilnte,  and   the 
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mercury  is  attacked).  After  the  cock  is  closed  the  leveling 
tube  is  placed  in  a  clamp,  the  measuring  tube  is  thor- 
oughly shaken  and  the  following  reaction  takes  place : 

NnO,-4-H,C,0.  :  2H,0+H2S04  =  MnSO,+2COj+4H,0. 

The  measuring  tube  is  now  placed  in  clamp  on  a  level 
with  the  levelling  tube  and  solution  is  allowed  to  cool 
for  an  hour. 

The  tube  is  then  accurately  leveled,  allowing  one 
division  of  mercury  for  each  six  and  one-half  divisions  of 
acid,  and  the  gas  volume  read  off.  The  temperature  and 
barometric  pressure  are  read  and  the  gas  corrected  to 
standard  conditions.  Each  cc.  NO  gas  corresponds  to 
.0037986  g.  NaN03  or  .003845  g.  KNO3. 

The  Analysis  of  Cryolite. 

('rvolite  is  a  mineral  occurring  in  large  quantities  in 
Greenland,  and  is  the  sodium  salt  of  hydrofluo-aluminic 
acid,  NagAlFg.  It  is  used  in  enamels  and  is  fused,  finely 
ground  with  the  frit  giving  it  a  milky  opaqueness  which 
enamellers  call  "body."  It  is  a  very  expensive  material 
and  is  most  always  far  from  pure,  either  being  deliberately 
adulterated  or  merely  naturally  impure. 

Methods  used  by  most  chemists  for  its  analysis  are 
at  the  best  crude.  The  direct  determination  of  the  fluorine 
is  the  only  satisfactory  means  of  properly  grading  it.  The 
method  used  for  cryolite  is  exactly  the  same  as 
that  employed  in  the  analysis  of  fluorine-bearing  enamel 
as  given  in  the  beginning  of  this  article,  except  that  one 
gram  of  the  cryolite  is  finely  ground  with  about  three 
grams  (accurately  weighed)  of  pure  silica,  and  this  mix- 
ture is  fused  with  about  eight  grams  of  equal  parts  of 
sodium  carbonate  and  potassium  carbonate.  In  determin- 
ing the  silica  in  the  cryolite,  this  siiica  wliidi  has  been 
added  must  be  deducted  from  that  found. 
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Tlie  alkalies  are  determined  by  the  method  of  J.  La^\  - 
reiice  Smith^  from  a  gi'am  sample  finely  poAvdered, 

Vomhinatio)i  of  l^csults.  All  soda  is  combined  with 
sufficient  fluorine  to  form  sodium  fluoride  (NaFg).  The 
remainder  of  the  fluorine  is  combined  with  aluminum  as 
aluminum  fluoride  (AlFo).  The  remainder  of  the  alumi- 
num is  calculated  as  alumina  (ALO3). 

The  Analysis  of  Fluospar. 

Fluorspar  is  analyzed  especially  for  its  fluorine  con- 
tent by  the  same  method  as  that  given  under  Cryolite.  It 
is  a  material  seldom  adulterated  and  a  mere  fusion  with 
six  times  the  weight  of  sodium  carbonate,  the  taking  to 
dryness  Avith  hydrocldoric  acid,  as  in  ordinary  silicate 
analysis,  the  removal  of  iron  and  alumina  as  hydroxide 
with  ammonia,  and  the  precipitation  Avith  ammonium 
oxalate  of  the  calcium  and  its  final  Aveighing  as  calcium 
oxide,  is  sufficient  in  most  cases.  All  the  calcium  may  be 
calculated  as  CaFo.  The  determination  of  the  fluorine, 
hoAvever,  is  of  course  the  only  exact  method  of  accurately 
gTading  this  material. 

The  approximate  method  for  determining  the  fluorine 
is  as  follows: 

Approximaie  Method  for  Fhiorinr.  About  one  gram 
of  sample  flnely  ground  and  accurately  AAeighed  is  in- 
timately mixed  in  agate  mortar  Avith  about  the  same  quan- 
tity of  pure  silica.  The  Avhole  is  transferred  to  a  250  cc. 
Ehrlenmeyer  flask — rinsing  the  mortar  Avith  more  silica. 
The  flask  is  Aveighed  and  a  Aveighed  quantity  of  concen- 
trated sulfuric  acid  is  added.  The  record  should  noAv 
shoAv  the  weight  of  flask,  silica  and  acid.  The  flask  is 
gently  heated  and  the  loss  of  Aveight  is  calculated  as  sili- 
con fluoride. 

Iron.  For  use  in  light  colored  enamels  the  iron  con- 
tent of  the  fluorspar   is   important.      Five   grams,   finely 

'  Am.   Jour.   Science   (2)   50.   p.    269.     Treadwell-Hall  Anal.   Chem..  Vol.   H, 
p.   "91. 
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grouiul,  are  lieated  in  a  platiiiiini  dish  with  an  excess  of 
sulfnric  acid  as  long  as  hydrotluoric  acid  is  given  off. 

After  cooling  it  is  diluted  with  100  cc.  of  water,  and 
after  reducing  by  drawing  through  a  Jones  Kednctor  the 
solution  is  titrated  with  X/10  potassium  permanganate 
solution. 

Accurate  Method  for  Fluorine.  The  lluorine  may  be 
accurately  determined  by  tiie  following  method : 

One  gram  sample  (ground  to  pass  through  200  mesh 
sieve)  is- mixed  with  three  grams  silica  and  tliree  grams 
each  sodium  carbonate  and  potassium  cai'bonate  in  a 
platinum  crucible.  Heat  (jradualhi  until  it  is  in  quiet 
fusion.  The  thin  liquid  fusion  soon  changes  to  a  thick 
paste  or  only  sinters  .somewhat.  Tlie  reaction  is  complete 
when  there  is  no  further  evolution  of  carbon  dioxide. 

After  fusion  the  melt  is  treated  with  water  and  after 
cooling  the  insoluble  residue  is  filtered  off  and  thoroughly 
washed.  The  solution  contains  all  fluorine  and  consider- 
able silica.  Remove  the  silica  by  adding  four  grams  solid 
ammonium  carbonate.  Heat  liquid  at  40 ^C.  for  some 
time  and  let  stand  over  night.  Filter  in  morning  and  wasli 
with  ammonium  carbonate  water. 

Evaporate  on  water  bath  almost  to  dryness  in  plati- 
num dish  (keep  covered,  as  liquid  foams).  Dilute  with  a 
little  water.  Add  a  few  drops  of  phenolphthalein.  Add 
dilute  HCl  until  colorless.  Heat  on  steam  batli  and  color 
will  return.  Cool  and  repeat  0]>erati()n  until  1..")  c-c  dou 
ble  normal  HCl  is  sufficient  to  make  colorless.  Ivcmove 
last  traces  silica  by  treating  the  solution  with  a  solution 
of  moist  zinc  oxide  in  ammonia  water.  Boil  until  am- 
monia is  completely  expelled.  Filter  off  silica  and  zinc 
oxide  and  wash  with  water. 

Precipitate  fluorine  as  calcium  fluoride  and  calcium 
carbonate  by  adding  an  cxci^ss  of  calcium  chloride.  Filter, 
using  blue  ribbon  paper,  and  wash  tlioroughly  with  hot 
water.  Dry  precipitate  on  funnel.  Transfer  as  much  as 
possible  to  a  platinum  crucible.  Bur;i  filter  and  add  aslL 
lanite  contents  of  crucible. 
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After  cooling  the  mass  is  covered  Avith  a  slight  excess 
of  dilute  acetic  acid  (this  changes  the  calcium  oxide  to 
soluble  acetate.)  Evaporate  to  dryness  on  steam  bath. 
Take  up  with  water.  Filter,  wash  and  dry.  Transfer  most 
of  precipitate  to  weighed  platinum  crucible.  Burn  filter 
pajjer.  Add  ash.  Ignite  and  Aveigh  as  calcium  fluoride, 
CaF2.  To  conlirm  the  results  add  cautiously  little  concen- 
trated sulfuric  acid.  Evaporate  off  excess  sulfuric  acid, 
ignite  and  weigh  as  calcium  sulfate. 

The  Analysis  of  Oxides  of  Antimony. 

Ai'senic.  One  gram  of  oxide  of  antimony  is  dis- 
solved in  10  cc.  of  strong  hydrochloric  acid — at  as  low  a 
temperature  as  possible.  The  solution  is  then  cooled  and 
packed  in  ice  and  the  arsenic,  which  is  almost  invarial)ly 
present,  is  removed  by  passing  through  H2S  for  several 
hours.  The  AsoSo  is  filtered  off  in  a  weighed  Gooch  cru- 
cible, washed  first  with  CS^  and  alcohol  then  with  concen- 
trated hydrochloric  acid  and  dried  at  100'',  and  weighed 
as  As^So. 

Antimonij.  The  filtrate  from  above  is  put  into  250  cc. 
volumetric  flask,  rinsing  the  beaker  well  with  concentrated 
hydrochloric  acid  and  an  equal  part  of  water.  All  the  H.S 
is  removed  by  passing  througli  a  current  of  air.  Five 
grams  of  tartaric  acid  are  added  and  the  liquid  diluted  to 
the  mark. 

Twenty-five  cc.  of  the  solution  are  measured  out  with  a 
pipette  and  are  neutralized  with  dry  sodium  bi-carbonate — 
keeping  covered  to  avoid  loss — finally  a  pinch  of  sodium 
bi-carl)onate  and  a  cubic  centimeter  of  clear  starch  solu- 
tion is  added  and  the  mixture  is  titrated  with  N/10  iodine 
solution. 

1  cc.  X  10  Iodine  =  0.0060  grams  Sb. 

The  Analysis  of  Oxide  of  Cobalt. 

Arsenic.  One  gram  finely  pulverized  sample  is  fused 
at  low  lieat  with  ten  grams  bisulfate  of  potassium  for  three 
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hours.  The  melt  is  extracted  with  water  acidified  with 
sulfuric  acid  and  the  arsenic  is  precipitated  from  the  warm 
acid  solution  with  H2S,  collected  in  a  weighed  Gooch 
crucible,  washed  with  water  containing  HoS  and  dried  at 
100°  for  one  hour  and  weighed  as  AS2S3. 

Cobalt.  The  filtrate  from  above  is  boiled,  and  at  the 
same  time  air  is  drawn  through  to  remove  tlie  IT^^,  iind  it 
is  then  treated  by  Fisher's  Potassium  Nitrite  method^  to 
separate  the  cobalt  and  the  nickel. 

The  concentrated  solution  containing  salts  of  l)otli 
metals  is  treated  with  pure  potassium  hydroxide  to  alka- 
line reaction,  made  slightly  acid  with  acetic  acid,  and  to 
this  a  concentrated  solution  of  pure  potassium  nitrite 
tliat  has  been  made  slightly  acid  with  acetic  acid  is  added. 
After  vigorous  stirring,  the  mixture  is  allowed  to  stand 
twenty-four  hours  in  a  warm  place.  Before  filtering,  a 
little  of  the  clear  solution  is  pipetted  off  and  treated  with 
more  potassium  nitrite  to  see  if  the  precipitation  of  the 
cobalt  has  been  complete.  If  a  precipitate  is  formed,  the 
wliole  solution  is  treated  with  more  potassium  nitrite  and 
again  allowed  to  stand  until  complete  precipitation  is  ef- 
fected. The  precipitate  is  then  filtered  and  washed  with 
a  barely  acid  5  per  cent  solution  of  potassium  nitrite  until 
1  cc.  of  the  filtrate,  after  being  boiled  with  hydrochloric 
acid  and  treated  with  caustic  potash  and  bromine  water, 
no  longer  gives  a  black  precipitate  of  nickelic  hydroxide. 
The  cobalt  precipitate  is  then  transferred  to  a  porcelain 
dish,  covered,  and  hydrochloric  acid  is  gradually  added 
until  tliere  is  no  further  evolution  of  nitric  oxide,  and 
after  filtering,  the  cobalt  is  precipitated  by  means  of  caus- 
tic potash  and  bromine  water. 

The  precipitate  is  filtered  off,  using  blue  ribbon  filter 
paper,  dried,  and  ignited.  After  cooling  it  is  treated  with 
water  in  order  to  remove  the  small  amount  of  alkali  which 
is  always  present,  after  which  the  residue  is  ignited  in  a 
stream  of  hvdrosren  and  weighed  as  metal.     After  weioh- 
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ing,  the  metal  is  disolved  in  hydrochloric  acid,  evaporated 
TO  dryness,  the  dry  mass  moistened  with  hydrochloric  acid, 
then  treated  with  water,  and  the  small  residue  of  silicic 
acid  is  filtered  off.  This  residue  is  ignited  and  its  weight 
subtracted  from  that  obtained  after  the  ignition  in 
hydrogen. 

Nickel.  The  filtrate  containing  the  nickel  is  treated 
with  hydrochloric  acid  until  the  nitrite  is  completely  de- 
composed, and  the  nickel  is  precipitated  with  potassium 
hydroxide  and  bromine  water  as  brownish-black  nickelic 
Imlroxide  [Ni(OH)o.] 

The  precipitate — A\'hicli  seldom  contains  more  than 
ten  milligrams  of  nickel — is  washed  with  hot  water,  col- 
lected on  a  filter  and  is  dried,  ignited  separately  from 
the  filter,  and  weighed  as  NiO,  in  which  form  it  was  proba- 
bly present  in  the  oxide. 

Steel  Plate. 

The  steel  best  adapted  for  enameled  ware  is  of  very 
low  carbon  value  and  extremely  low  in  the  other  impuri- 
ties, in  fact,  the  nearer  pure  iron  the  better.  Of  the  steel 
plate  used  by  the  Columbian  Enamelling  and  Stamping 
Company,  the  best  satisfaction  wa.<  obtained  from  those 
giving  the  following  analysis : 

Sulfur  from  .040^^  to  .OSO^r ;  phospliorous  from 
.030%  to  .090^;  ;  silica  less  than  .01%  ;  manganese  from 
.000%  to  .040^/r,  and  carbon  less  than  0.10%.  The  sheets 
must  be  of  an  even  gauge  for  seamless  drawn  work  and  of 
a  dark  soft  quality,  which  allows  them  to  be  drawn  with- 
out tearing.  When  the  vessel  is  made  without  dmwing  and 
sheets  are  used  flat,  this  evenness  of  gauge  is  not  so  much 
of  object.  The  grain  in  all  cases  must  be  as  open  as  pos- 
sible. The  sheet  must  be  low  in  carbon  and  sulfur,  as 
these  develop  gases  at  temperatures  of  the  muffle,  which 
would  cause  the  enamel  to  peel  off. 

Samples  of  the  steel  plate  are  obtained  from  drillings 
taken    from    eioht   or   ten    sheets   stacked    in    a    pile,    and 
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drilled  holes  are  ruii  every  two  inches  on  the  diagonal  of 
the  plate.  Drillings  are  sampled  down  to  twenty-five 
gi'ams,  which  are  kept  in  stoppered  bottles.  The  method 
of  analysis  is  that  commonly  employed  by  steel-works 
chemists,  and  can  easily  be  fonnd  in  print  elsewhere,  and 
for  that  reason  will  not  l)e  liiven  here. 


A  PLEA  FOR  BONE  CHINA. 

BY 

Charles  F.  Binns,  Alfred,  N.  Y. 

This  paper  will,  in  some  measure,  depart  from  the 
form  which  has  become  usual  in  the  proceedings  of  this 
Society,  inasmuch  as  it  will  not  advance  experimental  data 
in  support  of  any  claim  or  theory,  but  is  intended  to  argue 
the  case  for  Bone  China  as  a  product  which  is  well  worth 
the  serious  attention  of  American  potters. 

This  ware  has  long  been  the  staple  of  fine  English 
services,  and  if  America  is  to  compete  successfully  with 
imported  goods,  something  equally  fine  must  be  offered. 
Hotel  china  does  not  meet  this  demand.  Some  attempts 
haA'e  been  made  to  decorate  this  ware  and  to  place  it  before 
the  buyers  of  high  grade  goods,  and,  while  considered 
apart,  it  presents  a  fair  appearance,  Ashen  compared  with 
the  English  product  it  loses  caste. 

The  constitution  of  Bone  China  is  too  well  known  to 
need  description.  Hundreds  of  recipes  are  in  the  hands 
of  American  managers,  and  there  is  but  little  to  choose 
between  them.  The  main  variation  is  found  to  be  in  the 
brand  of  clay  used  and  in  tlie  substitution  of  feldspar  for 
Cornwall  stone,  ^fr.  Bernarrl  JNfoore,  in  the  Transactions 
of  the  English  Ceramic  Society,  (YoL  lY,  p.  37)  states 
that  a  normal  china  body  consists  of: 

Bone  Ash   44 

Cornwall   Stone    30 

China   Clay    .*...  26 

and  says  that  variations  in  the  quality  of  the  stone  have 
led  to  a  decrease  in  this  ingredient  and  a  corresponding 
increase  in  the  clay. 

Mr.  Watts  has  presented  to  this  Society  an  exhaustive 
treatise   (Yol.  VII,  p.  204)   on  the  Constitution  of  Bone 
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Oliina  Bodies,  so  that  it  is  iiiiiiecossjii-y  to  deal  at  leiii'th 
with  this  part  of  tlic  subject.  Tlie  main  point  of  interest 
for  American  potters  is  whether  a  satisfactory  snbstitution 
of  feldspar  for  Cornwall  stone  can  be  made.  Cornwall 
stone  is,  in  some  respects,  a  very  objectionable  material. 
The  variations  in  composition  are  large,  sometimes  danger- 
onsly  large,  whereas  native  feldspars  are  remarkably  uni- 
form, provided,  of  course,  that  care  be  taken  in  the  selec- 
tion of  the  brand.  Mr.  B.  Olsen  (Eng.  Cer.  Soc,  Vol.  lY, 
p.  43)  st<ites  that  in  Sweden  feldspar  is  used  in  Bone 
China  and  that  a  whiter  body  is  obtainable  than  from 
stone.  The  high  content  of  quartz  in  Cornwall  stone 
makes  it  necessary  to  use  some  flint  in  a  body  which  de- 
l^euds  upon  feldspar,  and  flint  must  be  used  with  care,  as 
Mr.  Watts  has  pointed  out.  On  the  other  hand,  feldspar 
permits  the  use  of  a  higher  content  of  clay,  which  is  an 
advantage. 

A  good  Bone  China,  using  feldspar,  may  fall  within 
the  following  range: 

Bone    Ash     42  to  32 

Spar    15  to  19 

China    Clay    33  to  35 

Flint    10  to  14 

But  after  all,  the  successful  manufacture  lies  not  so 
much  in  the  mix  as  in  the  manipulation.  The  custoni, 
prevalent  in  this  country,  of  purchasing  materials  ready 
for  use  and  employing  them  in  the  mix  without  pre])ara- 
tion,  renders  it  necessary  to  insist  that  Bone  China  cannot 
be  successfully  manufactured  Avithout  a  change  in  the  con- 
ditions. Mr.  Watts  ground  his  china  mixtures  for  two 
hours  on  a  small  l)all-mil],  and  while  it  may  not  be  neces- 
sary to  grind  the  whole  mix,  it  is  certain  that  the  bone-ash, 
spar  and  flint  must  be  finely  ground,  either  separately  or 
together,  if  a  successful  result  is  to  be  reache<l.  The  lawn 
used  should  be  10,  or  160  mesh.  The  next  point  is  the 
magneting  of  the  slip.  Theie  is  always  a  good  deal  of  iron 
present  in  b(uie-ash,  au<l  it  is  a  ifiatter  of  comuKUi  knowl- 
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edge  tliat  commercial  tiiut  and  spar  are  never  free  from  it. 
Iron  specks  in  Bone  China  are  more  objectionable  than  in 
any  other  ware,  not  only  because  the  pure  white  of  the 
china  is  one  of  its  chief  beauties,  but  also  because  the  bone 
seems  to  have  the  property  of  spreading  the  iron  stain.  A 
close  examination  of  the  iron  specks  in  this  ware  shows 
that  the  minute,  almost  invisible  black  spot  is  surrounded 
by  a  brown  halo,  and  this  gTeatly  enlarges  a  spot  which 
otherwise  would  be  almost  unobjectionable. 

There  are  many  modern  improvements  in  the  process 
of  magneting,  but  no  method  can  be  considered  satisfac- 
tory which  does  not  permit  an  examination  of  the  last 
magnet  passed  by  the  slip  so  that  an  absolute  freedom  from 
iron  may  be  assured.  Most  of  the  English  plants  adhere 
to  the  old  plan  of  movable  horseshoe  magnets  through 
which  the  slip  is  repeatedly  run  until  the  magnets  show 
no  iron  at  all. 

The  small  percentage  of  clay  in  the  batch,  and  a  non- 
plastic  clay  at  that,  shows  that  the  body  is  extremely 
short.  Grinding  the  whole  batch  will  help  this  because 
clay  increases  in  plasticity  on  being  ground  in  water,  and 
in  the  process  of  grinding  there  is  also  secured  a  more 
intimate  mixture  of  the  particles.  In  the  days  of  the  slip- 
kiln  in  which  the  moisture  was  driven  from  the  slip  by  heat 
the  body  was  quite  plastic  enough  for  easy  working,  but 
the  filter-press  at  once  gave  rise  to  trouble.  The  product 
of  the  press  is  never  quite  as  plastic  as  that  coming  from 
the  slip-kiln  and  when,  as  in  the  case  of  Bone  China,  there 
was  only  a  small  margin,  the  change  gave  rise  to  sei-ious 
difficulty.  A  prolonged  ageing  of  the  clay  gave  consider- 
able assistance,  and  it  was  also  found  advantageous  to  use 
a  bone  which  retained  a  large  proportion  of  carbon.  The 
hard  burned  bone  ash  which  alone  is  obtainable  here  does 
not  show  plasticity  even  when  ground  fine,  much  less  if  it 
be  used  in  the  commercial  form. 

The  pug-mill  cannot  be  successfully  used  in  tempering 
a  Bone  China  IkkIv.     The  action  of  the  knives  in  cutting 


178  A  PLEA  FOR  BONE  CHINA. 

the  clay  teuds  to  make  it  short,  but  relief  has  been  foiiud 
in  the  use  of  the  French  rolling-table.  The  operation  of 
this  is  to  roll  aud  knead  the  clay  without  cutting  it  and  it 
is,  beyond  ([uestiou,  the  best  substitute  for  hand-wedging 
that  has  yet  been  devised.  The  nearest  approach  to  this 
tool  in  common  use  is  the  wet-pan,  which  is  extensively 
employed  in  the  tempering  of  clay  for  sewer-pipe  and 
similar  i)roducts  but  this,  being  made  largely  of  iron, 
would  not  be  suitable  for  white  wares.  In  the  French 
machine  the  table  and  rollers  are  covered  with  zinc.  The 
only  objection  to  this  device  is  that  it  is  not  continuous  in 
action.  The  motion  must  be  stopped  about  throe  times  in 
an  hour,  the  clay  removed  and  a  new  cliarge  fed. 

The  working  of  the  Bone  China  bod.y  presents  some 
difficulties.  At  one  time  it  was  thought  that  the  hand  tool 
was  the  onh'  j)ossible  means  of  making  fiat,  and  some  Eng- 
lish factories  still  adhere  to  tliis  belief,  but  the  jnill-down 
has  l)een  successfuUj''  adapted  even  to  the  finest  of  wares, 
and  tlie  way  seems  now  clear  for  a  fuller  development  of 
the  machine  metliod.  The  French  have  devised  a  plate- 
making  machine  for  the  i)roduction  of  Imrd  i>orcelain,  and 
the  use  of  some  such  ai>pliance  for  Hone  Ohina  seems  to 
offer  an  attractive  pro])osition.  Fssentially,  this  machine 
is  constructed  Avith  the  idea  tliat  the  way  to  make  success- 
ful ])lates  in  a  tine  l)ody  is  to  pay  especial  attention  to  the 
bat.  It  is  well  known  that  it  is  the  common  practice  of 
the  batter-out  to  spread  the  ball  into  a  bat  hy  means  of  one 
or  more  heavy  blows.  The  result  is  tliat  the  bat  has  no 
structure  at  all.  It  is  simply  a  heterogeneous  mass  of  par- 
ticles which  ])ossess  no  form  or  ari'angejiiont.  The  Eng- 
lish batting  machine  makes  one  step  in  advance  of  this,  in 
that  the  bat  is  spun  upon  a  revolving  head,  but  there  is  no 
movement  about  a  fixed  center,  that  is,  the  center  of  the 
bat  is  not  necessarily  the  center  of  the  plate.  The  French 
machine  remedies  this,  for  the  bat  is  spun  upon  a  dia- 
phragm, whicli  is  lifted  entire  and  set  in  the  niachine  con- 
centric with  the  plate  mold.     Thus  the  movement  of  the 
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particles  is  made  uniform  from  the  lirst,  and  it  is  claimed 
that  there  is  much  avoidance  of  crooked  ware. 

Cups  are  either  cast  or  made  from  thrown  linings. 
The  common  method  of  the  cup-maker  will  not  answer. 
Pressing  and  casting  are  both  employed  for  jugs  and  hol- 
low-ware. 

One  of  the  vital  points  in  the  manufacture  of  Bone 
China  is  the  placing  for  the  biscuit  fire.  The  English  plan 
is  to  employ  skilled  placers,  who  do  nothing  but  fill  the 
saggers  and  setters.  The  carrying  and  setting  in  the  kiln 
itself  is  done  by  cheaper  labor.  Foi*  flat  ware  setters  are 
used,  each  piece  having  a  compartment  to  itself.  A  shaped 
bed  is  made  in  burned  flint,  and  upon  this  the  plate  or 
saucer  reposes,  either  face  up  or  inverted,  according  to 
shape.  The  ware  needs  tlie  support  of  tlie  bed,  for  there 
is  a  strong  tendency  to  go  out  of  shape  in  the  hard 
fire.  Cups  are  fitted  with  tapering  rings,  made  from  scrap 
clay,  for  the  same  reason.  Old  flint  is  used  because  of  the 
well  known  expansion  which  t<ikes  place  when  flint  is  fired 
for  the  first  time.  In  order  to  keep  up  the  supply  of  old 
flint  a  little  green  flint  is  put  into  each  kiln,  being  made 
use  of  in  some  way  in  which  it  can  do  no  harm. 

It  has  sometimes  been  found  necessary  to  magnet  the 
flint  because  a  speck  of  iron  in  tlie  bed  will  often  be  trans- 
ferred to  the  ware  in  firing.  The  biscuit  kiln  heat  ranges 
from  cone  9  to  cone  11,  though  Mr.  Watts  states  that  good 
china  can  be  made  as  low  as  cone  8. 

The  glaze  is  a  normal  fritted  glaze,  of  which  the  fol- 
lowing is  the  formula : 


2.7  SiO.. 


and  which  worked  out  into  a  batch  is : 

FRITT  GLAZE 

Spar    300  Fritt    32 

Whiting    75  White  Lead    5 

-  Flint     112  Cornwall   Stone    .5 

Kaolin     ..; 2.5  Kaolin     1 

Borax    160 

Carbonate  of  Soda 30 


.25  K„0 

.30  CaO 

.35  AI..O 

.29  Na,0 

.35  B„0. 

.16  PbO 

180  A  PLEA  FOR  BONE  CHINA. 

The  lire  is  <|uite  low,  rarely  exceeding  the  melting 
point  of  <one  1.  In  the  glost  placing  much  care  must  be 
taken.  Bone  rliina  is  valued  according  to  the  perfection 
of  the  glazed  surface.  Pins  and  stilts  are  never  used. 
Plates  and  saucers  are  set  in  fireclay  tripods  known  as 
angles,  and  for  cups  and  hollow  ware  the  sagger  bottom  is 
washed  with  a  mixture  of  equal  jiarts  bone  ash  and  flint. 
^J^his  forms  an  infusible  coating,  which  flakes  off  if  any 
should  adhere  to  the  foot  of  the  piece.  Tlie  glaze  is  liable 
to  piuholing,  and  to  avoid  this  it  is  important  to  cool  slow- 
ly in  the  early  stages. 

Upon  sorting  the  biscuit  a  good  many  crooked  plates 
are  found.  These  are  straightened  by  an  ingenious 
arrangement  of  fireclay  rings.  A  ring,  if  broken,  would 
show  a  V  shaped  cross  section.  The  ring  at  the  point 
of  the  y  must  be  about  one-eighth  of  an  inch  less  in 
diameter  than  the  plate  to  be  straightened.  A  ring 
is  set  in  the  sagger  point  downward.  Tlie  flat  top 
is  dusted  lightly  with  flint,  and  a  crooked  plate  is 
inverted  upon  it.  A  second  ring  is  made  to  rest  upon 
the  plate  so  that  the  point  just  clips  the  edge.  Upon 
this  another  plate,  then  another  ring  and  so  on.  Thus  each 
plate  and  ring  press  upon  those  below.  A  gentle  fire  is 
sufficient,  in  fact  the  great  danger  lies  in  over-firing,  for 
the  plates  have  now  no  bed  of  flint  to  protect  them  from 
the  heat.  Cone  6  is  quite  enough.  The  fitting  of  the  rings 
and  plates  is  important.  If  the  ring  is  too  large  obviously 
it  will  not  clip  the  plate  at  all.  If  too  small  it  presses  too 
far  up  the  rim,  and  the  plate  is  flattened.  Cups  do  not 
often  need  straightening,  but  it  can  be  accomplished  by 
placing  each  upon  a  tapering  fireclay  ring. 

These  operations  of  course  mean  expense,  but  the 
value  of  the  ware  is  greatly  increased  by  successful 
straiglitoning,  and  the  loss  of  a  few  pieces  is  of  less  im- 
portance than  the  improvement  of  tlie  large  number.  In 
other  words,  the  profit  in  bone  china  is  in  superior  quality. 

T^p  to  this  yK)iiit  we  linve  simply  been  laying  a  founda- 
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tion.  Xobodv  expects  to  sell  this  ware  undecorated.  lu 
fact,  no  price  which  could  be  obtained  for  the  white  ware 
would  make  bone  china  pa^'.  We  are  expecting  to  sell  fine 
table  services,  and  the  decoration  can  hardly  be  too  rich. 
It  may  be  questioned  whether,  among  American  manufac- 
turers, the  art  of  china  decoration  is  fully  appreciated. 
The  blame  for  this  largely  rests  with  the  foreign  decorator 
who.  content  to  draw  the  equivalent  of  ten  dollars  weekly 
in  liis  own  country,  demands  thirty  or  forty  when  he  sets 
foot  on  these  shores.  The  remedy  lies  in  the  training  of 
native  designers  and  decorators  and  the  creation  of  an 
American  type  of  ware,  not  because  American  decorators 
are  worth  less  money  but  because  they  can  do  more  work. 

It  is  not  the  purpose  of  the  writer  to  discuss  styles 
or  methods  of  decorative  treatment,  but  to  deal  rather  with 
technical  processes,  but  it  has  been  necessary  to  lead  up  to 
the  question  of  decoration,  because  only  by  solving  the 
problems  connected  therewith  can  a  market  l>e  found. 

It  is  only  necessary  to  touch  upon  the  matter  of  decor- 
ation, because  it  is  upon  the  rocks  and  quicksands  Avhich 
abound  in  this  stage  of  the  manufacture  that  many  hopeful 
ventures  have  been  Avrecked. 

No  one  who  has  attempted  to  decorate  bone  china 
has  escaped  the  evil  of  the  "black  foot.'-  A  dozen  plates 
are  decorated  and  burned.  Upon  drawing  the  kiln  it  is 
found  that  upon,  perhaps,  half  of  the  number,  the  foot  is 
gray  or  black.  Sometimes  this  has  been  so  bad  upon  a  idch 
service  that  the  foot  of  every  plate  had  to  be  covered  with 
solid  gold.  The  immediate  cause  is  contact  with  the  hand 
of  the  decorator.  The  organic  salts  from  the  moist  skin 
have  penetrated  the  ware  and  turned  black  from  the  resi- 
due of  carbon.  The  ultimate  cause  is  a  defective  glazing 
of  the  foot  of  the  plate,  or  a  defective  body  caused  by  too 
coarse  a  material,  or  an  insufficient  biscuit  fire.  The  latter 
is  the  most  usual  and  the  most  easily  prevented  for,  ob- 
viously, if  a  plate  is  to  stand  upon  its  own  foot  in  the  glost 
fire  some  little  roughness  is  bound  to  result. 
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A  second  far-reacliiiii;-  evil  is  that  known  as  "brown 
spot.-'  Upon  coming  from  the  decorating  kiln  some  pieces 
show  patches  of  pale  cbestunt  brown.  This  often  appears 
on  the  surface  bnt  is  more  obvious  by  transmitted  liglit. 
This  phenomenon  has  been  rather  closely  investigated  in 
England  by  Mr.  Bernard  Moore  and  Dr.  Mellor.  (English 
Ceramic  Society  Transactions,  Vol.  IV,  page  40.)  Mr. 
Moore  advances  the  opinion  that  iron  phospluite  in  the 
ferric  form  is  responsible  for  the  stain,  and  that  this  sub- 
stance, Avith  the  resulting  brown  color,  is  developed  by  the 
oxidation  of  ferrous  phosphate.  Dr.  Mellor  found  green 
crystals  present  when  the  greenish  stain  appeared  and 
brown  crj^stals  as  the  brown  discoloration  became  evident. 
It  is  stated  on  the  one  hand  that  ware  inclined  to  stain  can 
be  made  brown  or  green  at  Avill,  but  Dr.  Mellor  affirms  that 
the  brow^n  stain  often  shows  upon  w^are  which  has  not  pre- 
viously exhibited  any  trace  of  green.  These  investigators 
have  also  pointed  out  that  w^hen  the  china  spits  out  in  the 
decorating  kiln  the  eruption  seems  to  follow  along  the 
lines  of  the  stain. 

Whatever  may  be  the  immediate  cause  of  the  stain, 
^Ir.  Moore  has  proved  that  the  ultimate  cause  is  the  use 
of  what  the  English  china  makers  call  a  "dry"  stone.  In 
other  words,  the  ware  which  show^s  the  stain  is  deficient 
in  alkali  and  therefore  somewhat  porous.  This  coincides 
A^'ith  the  experience  of  the  writer,  but  it  has  also  been 
found  that  a  similar  porosity,  with  the  consequent  stain- 
ing, is  caused  by  lack  of  grinding.  A  bone  china  made  with 
feldspar  is  less  liable  to  this  stain  because  with  feldspar 
there  is  much  less  liability  to  variation  in  the  content  of 
potash. 

The  final  question,  and  that  which  proves  the  practi- 
cability or  otherwise  of  any  enterprise,  is  "will  it  pay?'' 
This  is  the  touchstone  to  which  every  effort  in  the  manu- 
factory must  be  brought. 

It  is  certain  that  the  English  potters  make  it  pay  and 
that  thev  fill  our  finest  stores  with  high-class  goods.    It  is 
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also  certain  that  domeslic  maiiut'actiii-ei-s  can  only  capi me 
this  trade  or  any  part  of  it  with  goods  of  equally  high 
grade.  It  cannot  be  done  with  Belleek  or  Hotel  China, 
nor  even  with  Texas  kaolin.  Bone  china  is  in  a  class  by 
itself,  and  no  other  ware  can  successfully  compete  with  it. 

An  English  bone  china  dinner  plate,  undecorated,  can 
not  be  laid  down,  duty  paid,  in  New  York,  for  less  than  GO 
cents,  and  it  is  strange  if  with  the  characteristic  pluck  and 
resource  of  Americans  this  condition  cannot  be  met. 

It  has  already  been  pointed  out  that  there  is  no  ad- 
vantage in  selling  white  china,  the  above  figure  is  quoted 
simply  as  a  basis  of  comparison.  To  sell  the  ware  white 
is  like  spending  one's  capital.  The  best  white  ware  is  the 
foundation  for  the  richest  decoration,  and  the  richer  the 
decoration  the  larger  the  profit,  for  the  simple  reason  that 
twenty  per  cent  on  a  dollar  is  ten  times  as  much  as  the 
same  percentage  on  ten  cents. 

These  arguments  are  advanced  in  the  cause  of  bone 
china  as  the  best  means  of  meeting  foreign  competition. 
To  attempt  the  manufacture  of  French  or  German  porce- 
lain would  be  to  revolutionize  every  process  in  the  factory, 
but  as  all  American  technique  has  been  derived  from  Eng- 
land, it  is  but  one  more  step  to  take  up  and  successfully 
produce  this  beautiful  ware. 

DISCUSSION. 

Mr.  Hope:  I  would  like  to  ask  Professor  Binns  down 
to  what  temperature  it  would  be  necessary  to  cool  the  glost 
kilns  in  order  to  avoid  pin-holing? 

Mr.  Biiiiis:  I  am  not  able  to  ansAver  that  in  terms  of 
temperature.  My  experience  has  been  that  if  the  kiln  is 
cooled  off  too  fast  you  get  pin-holing.  The  heat  should  be 
held  until  the  glaze  has  had  time  to  settle  down.  The  point 
is  to  secure  the  completion  of  any  reaction  that  may  have 
begun  and  may  not  be  altogether  finished  at  the  time  of 
stopxjing  the  fire.     My  practice  has  been,  after  a  litth^  ex- 
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perieuee  with  the  kiln,  to  close  the  tire  mouths  when  iibout 
one-half  full,  so  that  the  fuel  already  there  will  be  suffi- 
cient to  finish  the  kiln,  close  the  fire  luouths  and  seal  them 
and  allow  the  kiln  to  finish  itself,  and  then  when  the 
brightest  red  has  passed  otf  open  up  and  cool  fast. 

Mr.  Par  melee:  Are  there  any  peculiarities  in  the  fir- 
ing in  the  English  practice,  where  the  partially  burned 
bone  is  used,  which  differ  essentially  from  the  American 
practice  where  the  fully  calcined  bone  ash  is  used?  Of 
course,  that  partially  calcined  bone  contains  a  consider- 
able quantity  of  carbon,  and  also  probably  a  good  deal  of 
CO2,  which  is  not  driven  off.  Is  there  any  difference  in  the 
kiln  practice? 

Mr.  Binns :  I  have  never  noticed  any  difference  at  all. 
The  only  trouble  is  in  the  variation  of  the  weight  of  the 
( alcium  pliosphate  on  account  of  the  varying  contents  of 
carbon.  This  is  not  very  important,  because  the  actual 
contents  of  calcium  phosphate  in  the  bone  body  may  vary 
within  certain  limits.  The  difficulty  is  rather  in  the 
shrinkage  of  the  ware.  There  is  some  difficulty  in  adjust- 
ing the  shrinkage,  particularly  if  a  matching  order  comes 
in.  If  a  cover  has  to  be  made,  and  the  body  is  two  sizes 
smaller  than  the  one  made,  say  five  years  ago,  there  is  a 
difficulty.  The  difference  in  shrinkage  is  due  very  largely 
to  the  variation  in  the  bone  ash  composition. 

Mr.  Stover:  I  would  like  to  ask  about  the  straight- 
ener  sketched  on  the  wall.  Do  I  understand  that  you  give 
H  flat  piece  an  extra  fire  on  the  straightener,  and  then  turn 
it  the  other  side  up  for  the  biscuit  fire? 

Mr.  Binns:  No,  the  crookedness  does  not  occur  until 
jifter  the  biscuit  fire. 

Mr.  Stover:  I  was  wondering  whether  this  was  an 
extra  precaution. 

Mr.  Binns  :  No,  the  plates  are  straight  when  tliey  are 
set  for  the  first  biscuit  fire.  When  they  come  out  of  the 
kiln,  they  are  found  to  be  warped,  not  as  much  as  most  of 
your  porcelain,  but  too  crooked  for  bone  china.    The  prob- 
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Jem  is  to  straigiiteu  them  aud  they  are  set  iu  this  appara- 
tus, put  iuto  another  kiln  and  burned  again.  Then  they 
come  out  for  the  most  j)art  perfectly  straight. 

Air.  Stover:     Do  you  ever  have  wliirling? 

Mr.  Binns :     No,  the  tendency  is  the  other  way. 

ilfr.  E.  C.  Thomas :  Do  you  take  the  same  precaution 
in  cooling  the  biscuit  kiln  that  you  do  in  the  semi-porce- 
lain? We  usually  daub  the  kilns  up  to  keep  the  entrance 
cooling. 

Mr.  Binns:  I  have  never  found  that  necessary.  In 
fact,  my  practice  is  so  limited  that  I  am  scarcely  fitted  to 
make  the  comparison  with  semi-porcelain.  No  vsuch  pre- 
caution was  ever  taken  in  bone  china.  My  impression  is 
that  this  ware  stands  changes  of  temperature  better  than 
most  vitrified  ware. 


THE  CHEMIST  AND  THE  GLASS  MANUFACTURER. 

BY 

Alexander  Silverman,  Pittsbnrij;,  l*a. 

For  a  inuiibei-  of  years  it  lias  occurred  to  the  writer 
that  of  all  manufacturers  the  glass  manufacturer  seems 
least  prone  to  take  aclvantage  of  valuable  assistance  the 
cliemist  has  in  his  power  to  render.  This  power  is  natur- 
ally latent  in  most  cases,  but  by  proper  co-operation  on 
the  part  of  manufacturer  and  chemist  it  could  be  made 
active  and  exceedingly  valuable. 

A  few  notes  on  the  experiences  of  and  results  accom- 
plished by  a  young  chemist,  employed  for  about  one  and 
One-half  years  in  a  factory  where  a  large  variety  of  glass 
was  manufactured,  will  best  serve  as  examples.  This 
young  man  was  one  of  ordinary  ability,  only,  and  while 
trained  as  a  chemist  had  only  that  very  limited  knowledge 
of  glass  manufacture  which  can  be  gleaned  from  text  books 
on  introductory  chemistry.  In  addition  he  had  perhai^s 
made  a  glass  analj^sis  or  two. 

September  after  graduation  found  him  called  to  the 
factory  already  mentioned,  where  he  was  taken  to  a  little 
four  by  six  room  located  in  the  basement,  adjoining  the 
mixing  room,  and  told  to  establish  and  take  charge  of  a 
chemical  laboratory.  The  fallacy  of  this  was,  of  course, 
evident  to  even  a  man  of  so  little  experience.  He  therefore 
immediately  sought  out  the  president  of  the  company  and 
succeeded  in  convincing  him  of  the  necessity  of  locating  a 
laboratory  and  purchasing  equipment.  The  chemist  chose 
as  a  location  a  space  next  to  the  offices,  and  about  the 
cleanest  place  in  the  plant.  The  superintendent  was  con- 
sulted and,  never  having  employed  a  chemist,  was  perhaps 
somewhat  suspicious,  and  finally  succeeded  in  locating  the 
hiboratory  next  to  his  office  in  the  mixing  room,  -^iiere 
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soda  ash  and  lime  dust  were  constantly  flvinji,-  about.  The 
floor  of  the  lal)oratory  was  over  a  large  open  space,  at  one 
time  used  in  connection  with  a  producer  gas  plant  but 
then  filled  with  stagnant  water.  The  ceiling  consisted  of 
brick  arches,  as  it  formed  the  floor  of  the  factory  above. 
A  wooden  ceiling  was  desired  but  not  furnished,  so  in- 
structions were  left  to  paint  walls  and  ceiling  with  zinc 
white,  and  the  chemist  left  for  several  days  to  secure 
apparatus  and  chemicals  necessary  for  equipment.  A 
small  still  was  asked  for,  but  through  the  superintendent's 
influence  the  chemist  was  compelled  to  use  condensed 
steam  from  the  power  plant.  On  returning  the  chemist 
found  his  laboratory  white  washed  instead  of  painted.  This 
he  bore  until  dropping  of  plaster  particles  into  beakers 
and  crucibles  became  so  frequent  and  spoiled  so  many 
analyses,  that  the  president  of  the  company  finally  ordered 
a  modern  ceiling  installed.  It  was  soon  evident  that  steam 
from  the  power  plant  could  not  be  used,  so  after  purchas- 
ing distilled  water  for  six  months  and  finding  its  cost  in 
excess  of  the  still  originally  asked  for  this,  also,  was  in- 
stalled. 

The  first  problem  given  the  chemist  was  the  produc- 
tion of  a  cloudy  glass  which  would  transmit  subdued  light 
without  a  fiery  glare,  and  yet  have  a  glossy  surface.  Sev- 
eral other  kinds  were  already  manufactured,  but  not  as 
desirable.  These  were  (1)  glass  whose  surface  had  been 
etched  with  hydrofluoric  acid,  (2)  sand-blasted  glass,  and 
i'3)  clear  glass  cased  with  opal.  The  first  two  of  these  had 
a  dull  surface  on  which  dust  accumulated,  giving  it  a  gray 
appearance,  and  the  third  imparted  a  fiery  glare  to  the 
light.  Besides,  neither  of  these  transmitted  sufficient  light, 
and  each  type  required  double  handling  in  manufacture. 
The  chemist  was  instructed  to  carry  on  this  research  work 
under  the  superintendent,  who  had  already  been  trying 
two  years  to  obtain  the  desired  result.  The  superintend- 
ent would  use  clear  glass  batches,  whose  composition  was 
unknown  to  the  chemist,  and  the  chemist  had  to  recom- 
mend material  to  be  added  for  the  production  of  the  de- 
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sired  cloudy  effect.  This  state  of  affairs  continued  fruit- 
less for  about  six  months,  when  the  chemist  demanded  the 
composition  of  the  clear  glass  batch  if  he  were  to  continue 
worlv;  on  tlie  problem.  It  was  given  him,  and  suffice  it  to 
say  that  in  another  six  weeks  he  had  produced  this  glass 
which  for  the  pa»t  five  years  has  been  in  demand  for  special 
lighting  purposes,  and  were  its  properties  better  known  it 
would  generally  displace  etched,  sarid-blasted  and  opal 
glass.  More  light  is  transmitted  than  l>y  either  of  the 
other  varieties,  the  light  is  more  nearly  white  and  the  ap- 
pearance of  the  glass  is  decidedly  pretty.  A  word  regard- 
ing advantages  to  the  manufacturer.  The  batcli  is  work- 
able after  a  short  melting  period,  the  glass  has  a  high 
polished  surface,  and  the  slight  difference  in  cost  of  raw 
materials  more  than  counterbalani^es  the  cost  of  doul)le 
handling  involved  in  manufacture  of  either  of  the  other 
three  types  mentioned. 

Another  branch  in  wliicli  this  young  cliemist  proved 
valuable  was  in  the  silvering  department,  where  from 
twenty  to  twenty-five  reflectors  were  produced  weekly.  The 
superintendent  had  been  in  charge  of  this  department 
prior  to  the  advent  of  the  chemist,  and  his  directions  were 
'*add  a  certain  number  of  quarts  of  ammonia  to  a  certain 
number  of  pounds  of  silver  nitrate."  The  ammonia  was 
kept  in  an  open  carboy,  thereby  constantly  losing  strength. 
It  was  measured  in  an  open  graduate  and  produced  an  al- 
most unbearable  atmosphere.  The  chemist^s  first  step  was 
to  conduct  the  ammonia  into  the  bottom  of  the  silver  ni- 
trate solution  by  means  of  a  syplion,  the  lower  end  of  which 
was  used  as  a  stirrer  through  a  rubber  connection.  He  was 
thus  able  to  secure  a  definite  end-point  and  always  have  his 
silvering  solution  uniform,  at  the  same  time  working  in  an 
atmosphere  in  which  the  odor  of  ammonia  was  hardly  per- 
ceptible. After  a  little  experimentation  he  found  it  pos- 
sible to  silver  26,000  reflectors  perfectly  from  the  same 
amount  of  silver  formerly  used  for  18,000.  The  plant  had 
for  years  turned  out  a  number- of  spotted  I'eflectors.     The 
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cause    of   this   was   discerned    and    the    tionble    entirely 
eliminated. 

Through  the  analysis  of  raw  materials  used  in  glass 
manufacture  a  glass  of  more  constant  composition  re- 
sulted. Lime,  on  being  heated  over  the  blast  lamp,  was 
found  to  contain  from  twelve  to  thirty-two  percent  of  vola- 
tile matter,  depending  on  the  shipment  or  length  of  time 
it  remained  in  storage  in  the  plant.  Pearl  ash,  wliich 
readily  absorbs  moisture,  had  also  to  be  corrected  con- 
stantly. 

In  the  plant  referred  to  four  or  five  typea  of  glass  were 
commonly  worked.  As  there  were  generally  about  twenty 
of  the  lift}"  pots  in  use,  it  was  necessary  to  check  tlie  glass 
so  that  no  mistakes  be  made.  The  lone  chemist  found  it 
impossible  to  conduct  twentA'  such  analyses  daily,  so  he 
determined  the  specific  gravity,  and  found  that  there  was 
sufficient  difference  between  the  types  to  check  each  by  its 
specific  gravity.  For  this  purpose  a  small  piece  of  glass 
about  the  size  of  the  first  two  joints  of  one's  little  finger 
was  gathered  from  each  pot,  and  the  specific  gravity  deter- 
mined by  weighing  in  water  and  in  air.  This  could  be  done 
in  several  minutes,  thus  affording  a  rapid  check  on  com- 
position. 

These  are  a  few  of  the  things  this  young  chemist  ac- 
complished, though  entrusted  with  the  formulae  of  but  two 
or  three  of  the  twelve  or  more  batches  mixed  at  that  plant. 
At  the  end  of  about  a  year  and  a  half  he  was  dismissed 
because  the  company  did  not  feel  it  could  afford  to  increase 
his  salary.  What  could  not  this  young  man  have  accom- 
plished had  he  been  given  greater  confidence  by  the  firm 
employing  him?  Instead  he  drifted  into  other  lines,  as  few 
glass  manufacturers  at  that  time  employed  chemists. 

In  the  writer's  mind,  manj^  important  improvements 
would  result  were  chemists  more  universally  employed  in 
glass  factories.  Expensive  chemicals  at  present  enter  into 
the  batch  which  might  be  partly  or  wholly  eliminated. 
Processes  might  be  almost  revolutionized.  Improvements 
miolit  be  made  in  colors  nnrl  new  colors  added.     Xew  ef- 
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fects  iiiiglit  be  created  in  art  glass.  Ecoiiomv  might  be 
effected  in  the  pnrchase  of  raw  materials,  and  new  ones 
adde<l  to  take  the  place  of  older  and  more  exi)ensive  ones. 
One  thing  will,  however,  be  absolutely  necessary,  and  that 
is  co-operation  of  the  manufacturer  with  liis  chemist,  and 
vice  versa;  they  must  display  absolute  confidence  in  each 
other.  At  present  tlie  superintendent  of  the  plant  is  often 
Czar  because  he  understands  the  technical  side  from  be- 
ginning to  end,  having  worked  in  the  factory  from  boy- 
hood. He  is  usually  poorly  educated  and  refuses  to  co- 
operate with  the  chemist,  who  he  thinks  should  confine 
himself  to  anah^tical  work.  If  the  superintendent  is  not 
in  sympathy  with  tlie  chemist's  proceedings,  and  com- 
plaint is  made  to  the  manufacturer,  the  chemist  is  usually 
sacrificed. 

One  very  important  point  which  the  manufacturer 
should  bear  in  mind  is  that  he  cannot  forever  retain  his 
chemist  at  a  low  salary.  If  the  chemist  is  instrumental  in 
reducing  the  cost  of  materials  or  manufacture,  why  should 
he  not  be  given  some  consideration?  This  might  be  ac- 
complished either  by  an  increase  in  salary,  or  by  leaving 
his  salary  stationary  and  offering  a  percentage  of  the  pro- 
fits as  an  inducement  for  further  investigation  along  eco- 
nomic lines  of  manufacture.  A  good  chemist  wlio  is 
properly  appreciated  in  a  manufacturing  establishment  is 
as  valuable  an  avsset  as  the  manufacturer  can  acquire,  and 
as  long  as  given  proper  treatment  the  manufacturer  need 
have  no  fear  of  losing  any  of  his  trade  or  manufacturing- 
secrets.  He  takes  a  far  greater  risk  in  constantly  clianging 
chemists.  The  manufacturer  should  remember  that  the 
chemistry  and  principles  of  glass  manufacture  are  mea- 
gerly  dealt  with  in  the  great  majority  of  universities,  and 
that  he  has  to  reinstruct  almost  every  new  chemist  he 
employs. 

The  ^^Titer's  plea,  therefore,  is  that  the  glass  manu- 
facturer employ  a  chemist  and  co-operate  with  him.  Doing 
this,  he  can  rest  assured  that  in  most  cases  he  will  be  the 
one  to  profit. 
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DISCUSSION. 

Mr.  Frinlc:  In  regard  to  silveriiiii'  glass.  You  said 
you  had  spotted  mirrors  for  a  time.  Tliat  has  been  one 
of  the  greatest  bug-bears  to  the  mirror  peopk^.  I  would 
like  to  know  what  has  been  found  to  be  the  cause  of  that. 

Mr.  HUccrman :  The  cause  in  this  case  was  the  pres- 
ence of  grease  in  the  distilled  water  from  the  power  plant, 
and  as  soon  as  that  was  eliminated  we  had  no  difficulty. 

Of  course,  you  occasionally  meet  reflectors,  that  is, 
the  unsilvered  article,  which  have  been  lying  around  the 
plant  for  a  number  of  months,  Avhere  dust  and  dirt  get 
into  them,  and  there,  of  course,  you  necessarily  have  spot- 
ting if  there  is  anything  there  which  tends  to  oxidize  your 
silver.  But  the  oxidation  in  our  own  case  was  chiefly  that 
due  to  the  presence  of  grease. 

Mr.  Frink:  Did  you  ever  find  that  the  ingredients, 
the  components  in  your  glass,  or  the  melting  conditions, 
^\•ould  ever  affect  your  mirrors? 

Mr.  SUrermaii  :     The  condition  of  the  glass  itself? 

Mr.  Frill]::  Yes,  tbe  melting  conditions  under  which 
it  is  made. 

Mr.  ^ilrermaii  :  I  never  noticed  anytliing  of  the  kind. 
I  might  say  that  the  difficulties  experienced  Avith  grease 
{:ud  oil  in  the  water  from  the  power  plant  were  overcome 
by  allowing  the  water  to  remain  in  tanks  for  a  short  length 
of  time,  when  the  grease  would  float  to  the  surface,  could 
be  skimmed  off,  and  the  water  employed  for  rinsing  re- 
flectors rather  than  specially  distilled  water,  which  would 
have  entailed  additional  expense. 

Mr.  Friiil- :  A  year  or  so  ago  I  was  connected  with  a 
concern  which  made  considerable  glass  for  mirrors,  and  in 
making  this  at  one  time  they  got  a  "teaser''  from  the  old 
country  who  laid  his  own  batch,  and  in  doing  so  he  got 
into  trouble,  either  through  not  understanding  the  furnace 
or  through  his  batch  in  some  manner,  and  he  kept  increas- 
ing his  soda  up  to  a  point  where  he  got  to  using  about  48 
pounds  of  salt  cake  to  the  100  pounds  of  sand,  and  that 
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put  his  soda  couteut  in  his  glass  approximately  15  per  eeut. 
If  we  silvered  an  old  light  of  glass,  that  is,  a  light  that  had 
been  in  storage  a  considerable  time,  the  mirror  would  look 
very  nice  when  it  first  came  out,  but  inside  of  48  hours' 
time,  if  put  in  the  sun,  it  would  begin  to  show  up  spots. 

Mr.  HiJicrman'.  Was  not  that  due  to  the  excessive 
amount  of  soda? 

Mr.  Frink:  Yes,  that  is  what  it  was,  or  perhaps  the 
absorption  of  the  nitride  from  the  soda. 

Mr.  ^taley:  I  would  just  like  to  say  one  thing.  I 
think  it  is  up  to  the  young  chemist  to  grin  and  bear  it  and 
work  into  the  good  graces  of  the  superintendent,  because 
he  is  the  power  that  is,  and  if  you  are  going  to  hold  the 
job  and  accomplish  anything  worth  while,  you  have  to 
stand  in  his  good  graces. 

Mr.  Silverman :  I  should  like  to  ask  whether  the  gen- 
tleman who  has  just  spoken  has  been  employed  by  a  com- 
pany having  a  series  of  eight  or  ten  plants  under  the  direc- 
tion of  a  general  superintendent?  The  difficulty  is  not  so 
much  with  the  local  superintendent,  because  you  are  with 
him  constantly  and  you  and  he  become  more  or  less  at- 
tached to  each  other.  But  when  a  general  superintendent 
is  the  one  who  has  charge  of  the  entire  work,  and  very 
often  carries  those  secrets  which  even  the  local  superin- 
tendent himself  does  not  possess,  I  refer  now  especially  to 
batches,  it  is  a  case  in  which  the  local  superintendent 
makes  up  the  bulk  of  the  raw  materials,  and  the  general 
superintendent  comes  around  once  a  week  and  makes  up 
a  dish  pan  full  of  some  special  secret  material  which  is 
added,  then  when  something  goes  wrong  with  the  glass  the 
chemist  is  approached,  and  he  is  the  one  who  is  supposed 
to  tell  just  exactly  where  the  trouble  is.  He  is  supposed 
to  explain  it  off  hand.  Can  a  young  chemist  do  anything 
of  that  kind?  At  the  best  he  can  say,  I  don't  know.  If  he 
admits  that,  he  is  not  supposed  to  be  worth  very  much.  If 
he  tells  the  superintendent  that  he  does  not  understand  it 
because  he  does  not  possess  the  formula  of  the  batch,  he  is 
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told  that  he  must  not  a,sk  for  that  so  soon,  as  he  is  not  yet 
]on,ii  euouuli  in  the  (onipany's  service. 

So  in  the  case  mentioned,  the  l>est  that  couhl  hv  <h»iie 
was  to  control  the  lime  and  pearl  ash.  The  quantities  of 
lime  and  pearl  ash  used  were  furnished  the  chemist,  though 
proportions  of  otlier  substances  in  the  batch  were  not 
given.  Daily  corrections  were  thus  made  for  lime  and 
pearl  ash  only.  Cases  of  this  kind  crop  up  constantly. 
The  general  superintendent,  of  course,  can  tell  l>orax  from 
soda  ash  by  simply  feeling  it,  and  he  can  distinguish  be- 
tween the  yarious  substances  around  his  plant  by  picking 
them  ujj  and  seeing  liow  they  sift  through  his  fingers,  or 
iiow  they  seem  to  the  touch.  The  young  chemist  is  not  as 
fortunate  as  that.  That  is  the  education  he  lacks.  But 
there  are  many  poiiits  coming  uv>  <laily  iu  a  factory  where 
a  chemist  can  he  of  a  great  deal  of  assistance  if  he  has  the 
confidence  of  the  manufacturer. 

Mr.  Friiil-.  There  is  one  subject  in  the  glass  busi- 
ness— fuel  economy — that  has  not  yet  been  touched  upon, 
wherein  I  believe  tlie  <hemist  can  saye  more  money  for  the 
manufacturer  than  in  any  other  way.  We  all  know  that 
the-  principal  cost  of  glass  nmking  is  labor  and  fuel.  The 
fuel  question  is  one  that  is  paramount  to  the  glass  men 
t<Hlay,  and  the  chemist,  by  giving  his  attention  to  this,  can 
save  his  salary  every  month  that  he  is  on  the  job.  I  have 
seen  this  demonstrated  time  and  time  again. 

Mr.  Talaliaxlii:  I  agree  with  Professor  Silverman 
and  Mr.  Fi-ink  in  the  points  that  the  glass  maker  can  sa^e 
a  considerable  amount  of  money  through  work  of  a  chem- 
ist. Just  a  few  flays  ago  I  started  an  experiment,  tryiug 
to  reduce  the  cost  of  a  batch.  The  batch  costs  about  .si. 00 
per  hundred  weight,  but  by  using  some  other  cheaper  sub- 
stances in  place  of  some  ingredients  that  we  are  using  and 
eliminating  some  materials,  such  as  borax,  antimony  or 
arsenic,  which  I  belieye  are  not  necessary  ingredients,  and 
In  many  cases  are  just  put  in  because  some  one  tried  them 
and  got  a  go<i«l  i-esuJt.  tor  possibly  no  harm,  but  did  not 
know  whether  it  was  due  To  rlicse  snl)stances  or-  uot,  the 
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cJiaiices  beiug  tliat  it  ^^•as  not)  we  can  make  about  the 
Siime  grade  of  glass  for  less  than  50  cents  ])ev  hundred 
weight.  I  know  of  one  instance  where  nitre  was  eliminated 
and  soda  was  increased  just  a  little,  and  the  amount  of 
saving  from  this  change  was  over  flOOO  a  veai'.  T  believe 
also  a  chemist  can  do  a  good  deal  in  the  saving  of  fuel. 

Bfr.  Frink:  Mr.  Takahashi  has  struck  the  key  note 
of  this  whole  situation,  the  elimination  of  useless  mater- 
ials in  the  glass  business.  There  is  more  useless  waste  in 
the  glass  business  than  in  anything  else  on  earth  in  the 
shape  of  a  manufacturing  industry.  That  is  a  broad  state- 
ment, but  I  believe  it  is  a  fact. 

Mr.  Silverman:  The  point  ]>rought  out  about  anti- 
mony oxide  or  arsenic  oxide  was  one  of  the  very  tirst 
things  that  occurred  to  me  in  this  line  of  woi-k.  As  a  rule, 
in  other  branches  of  manufacture  we  try  to  eliminate  ar- 
senic and  antimony  and  here  in  the  glass  industry  we  are 
using  considerable  (juantities,  in  fact,  some  glass  makers 
by  the  car  load.  The  suggestion  was  made  to  the  company 
refeiTed  to  in  my  paper  that  they  eliminate  arsenic  and 
antimony,  or  at  least  permit  exi)erinu'nts  to  be  conducted 
so  that  they  could  find  out  whether  they  might  be  elimi- 
nated, or  a  cheaper  substance  substituted,  ])ut  pernn'ssioii 
-\N'as  not  granted  because  they  felt  the  worker  would  throw- 
up  his  job  if  he  ever  found  out  tliat  arsenic  and  antimony 
had  been  left  out  of  the  ghuss.  I  believe  the  worker  has 
the  idea  that  arsenic  and  antimony  must  enter  into  the 
composition.  It  is  time  these  snpersiitions  were  knocked 
out. 

3*rofessor  Orton  saw  tlie  clouded  glass  referred  to  in 
my  paper.  That  was  originally  tried  from  a  flint  batch 
which  contained  a  considerable  quantity  of  oxides  of 
antimony  and  arsenic.  When  the  Hint  batch  was  finally 
used  for  the  production  of  the  clouded  glass  the  antimony 
and  arsenic  were  omitted,  and  a  very  highly  polished  sur- 
face resulted.  So  there  was  a  proof  in  actual  practice 
where  antimony  was  left  out  of  the  flint  glass  ;nid  a  per- 
fect gloss  was  obtained  on  the  surface,  and  at  the  same 
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time  there  was  no  more  reduction  in  lead  than  in  any  of 
the  other  cases.  Tliat  the  glass  is  still  made  in  large  quan- 
tities is  additional  testimony.  The  claim  is  matle  that  the 
arsenic  and  antimony  increase  gloss  and  hardness  and  pre- 
vent reduction  of  lead.    I  do  not  belicAe  it. 

Mr.  Orton  :  Air.  President,  I  *think  the  society  is 
indebted  to  Professor  Silverman  for  coming  over  from  the 
University  of  Pittsburgh  and  giving  us  this  paper.  He  did 
so  at  my  request,  though  not  a  meml»er  of  the  Society,  and 
I  think  we  are  indebted  to  him  for  it.  At  the  same  time 
h?  has  demonstrated  very  clearly  the  wisdom  of  my  re- 
quest to  him  that  he  prepare  a  paper  on  the  sul\iect  of 
ruby  glass,  because  on  the  occasion  that  he  showed  me 
that  beautiful  piece  of  clouded  glass,  he  showed  me  some, 
samples  of  ^^-ork  in  the  ruby  line  that  I  am  sure  would  be 
of  very  great  interest  to  this  body,  and  if  we  can  prevail 
on  him,  if  the  other  members  present  will  a.ssist  me  in 
that,  I  hope  that  in  another  year  from  mn\  we  may  have 
two  things,  one  is  Professor  Silverman's  name  on  our  rolls, 
and  another  is  a  paper  on  Euby  Glass. 


MANUFACTURE  OF  DUST  PRESSED   WARES. 

BY 

Geokge  Simcoe  and  Albert  E.  Smith,  Trentou,  X.  J. 

t 

The  vital  elements  of  dust  pressing  are  confined  to  the 
body  that  is  to  be  used,  or  the  size  and  shape  of  the  piece 
to  be  pressed. 

It  was  our  imi)ression  that  neither  very  phistic  nor 
very  short  bodies  could  be  made  by  the  dust  process.  As- 
suming this  to  be  true,  we  made  up  a  numbei*  of  bodies  to 
show  the  effect  of  high  and  low  plasticity,  as  follows: 


. 

SERIES 

F. 

Number    

!  , 

2 

3 

4 

5 

6 

7 

8 

» 

10 

11 

Florida    Clay    . . 

Flint    

Spai-    

.  ..1  13 

.  .  .  i     2 

...i     5 

1 

11 
3 

6 

10 
4 
6 

9 

4 
7 

8 
4 

8 

7 

4 
3 

6 

9 

5 

6 
9 

4 

7 
9 

3 

7 
10 

2 

8 
10 

A  twenty  pound  sani])le  was  used.  AVc  Idungcd  the 
samples  by  hand  in  a  bucket,  and  after  putting  tiuough  a 
120  mesh  screen,  poured  in  plaster  moulds  to  dry. 

After  sufficient  drying,  we  put  cacli  individual  sample 
through  our  disintegrator  (or  blower).  This  gaye  us  a 
good  chance  to  see  the  relative  grinding  qualities  of  the 
eleven  bodies;  the  data  being  given  in  a  table  sliown  hirer. 
In  order  to  have  as  wide  a  variety  in  size  and 
shape  expressed  by  our  pressed  samples,  ^^e  adopted  the 
following  general  forms: 

1.  Small  Plain, 

2.  Large  Plain, 

3.  Small  roniplicatcd. 

4.  Large  Complicated. 

As  types  of  these  general  forms,  wc  nsed  rlic  following 
electrical  porcelain  shapes: 

Ii)'5 
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1.  Small  Taplet, 

2.  Telephone  Switcli  Hase, 

3.  Socket  Button, 

4.  Cut  out. 


Shown  in  Fig.  1. 


The  followin*;-  table  Avill  sh<»\v  the  ui-iiidiii,-;  and  press- 
ing qualities  of  Series  '*T" : 


Number  .           1 

2 

Good 
(. 

Bad 

3 

Good 

(( 

Bid 

4 

5          6 

7 

Good 

cc 
cc 

1 

8          9 

10 

11 

Small  Plain.  Good 
I.arge  Plain.       " 
Small  Comp      " 
Large  Comp      " 
Ground ...     Bad 

Good 

(I 

it 

Good  Good 
<(         (f 

a            cc 

((             <( 

Good    Fair 
N.G.  N.G. 
Good  Good 

Fair 
N.G. 

( c 
cc 

Good 

Fair 
N.G. 

cc 

Good 

Contrary  to  expectation,  we  found  none  of  the  series 
too  plastic  for  grinding,  though  several  had  to  be  put 
through  the  grinder  two  or  three  times.    We  did,  however, 
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as  vou  will  iKire  <>ii  the  table,  liiul  as  we  decreasetl  the  plas- 
ticity of  the  bodies,  quite  a  uiiiubei-  that  were  apparently 
vrorthless  so  far  as  pressing  (jualities  Axere  concerned. 

In  order  that  we  might  have  an  impracticable  body  at 
each  end  of  the  series,  ^we  designed  a  new  series,  using  as 
No.  1  a  very  plastic  English  ball  clay,  straight.  The  neAV 
series  is  as  follows: 

SERIES  E. 


Number    |  1  I  2  I  3 

|~~|~n 

Eng.  Ball    120  |18  116 

Eng.  China    .  ..j  0  |  0  |  0 

Flint    i  0  I  1  I  2 

Spar    0  I  1      2 


4 

5 
11 

6 

9 

7 
8 

8 

7 



6 

10 

5 

11 
4 

12 
3 

13 

2 

14 

0 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

5 

6 

7 

3 

3 

5 

5 

6 

7 

8 

8 

8 

8 

14 


After  blunging,  screening  and  drying  as  in  Series 
"F,"  we  ground  and  pressed  Series  "E,"'  with  the  following 
results : 


Number 

1-6             7-9 

10,11 

12 

13 

14 

Small  Plain 

Large  Plain    

Good         Good 
Bad           Fair 

Good 

Good 

Fair 
N.G. 
Good 

Fair 
N.G. 

Good 

Fair 
N.G. 

Small   Comp 

Large  Comp.  .  .  . 
Ground 

Good 

When  \Ne  found  that  there  was  no  great  difficulty  in 
preparing  l)ody  composed  entirely  of  Itall  clay,  we  were 
Aery  much  surprised. 

However,  when  we  broke  the  fourteen  different  sam- 
ples, we  found  a  marked  tendency  on  the  part  of  the  highly 
plastic  bodies  to  show  sort  of  laminations  Avhich,  we  be- 
lieve, were  due  to  air  bubbles  having  been  flattened  out 
under  pressure.  This  laminated  effect  diminishevd  as  the 
l)odies  got  shorter,  and  outside  of  being  very  tender,  the 
short  bodies  would  seem  to  be  the  best  for  dust  press.  We 
found  that  Boiirrav  makes  this  statement — "The  folloAviuir 
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quantities  of  water  must  be  added  to  100  parts  of  dry  ma- 
terial ill  order  to  obtain  bodies  of  equal  consistency: 

Pure  Clay  35.5% 

Half  Clay,  half  Carbonate    27.7% 

Half  Clay,  half  Sand    19.5% 

From  this  lie  deduces : 

100  parts  clay  require   41.5  parts  water 

100  parts  carbonate  require    19.9  parts  water 

100  parts  sand  require    3.5  parts  water 

Uur  practical  experience  and  observation  would  now 
lead  us  to  the  use  of  the  short  body,  but  there  still  remains 
the  ,ur(^at  fault  of  weakness.  In  seeking  remedies,  it  was 
learned  that  many  potters  have  for  years  used  some  sort 
of  gum  in  their  body,  mixing  it  in  the  blunger  about  a 
quart  of  a  starchy  mass  to  3,000  pounds  of  body.  This 
gave  good  results  so  far  as  known. 

Bourray  also  speaks  of  the  use  of  gums  under  the  head 
of  Agglomerative  and  Agglutinative  Material,  specifying 
the  use  of  glue,  gum,  lichen,  dextrin,  soap,  sugar  and  mo- 
lasses, and  for  ordinary  ware,  tar.  He  further  states  that 
they  use  black  soap  and  parchment  glue  in  the  soft  French 
porcelain. 

We,  therefore,  resolved  to  try  a  gum  on  such  of  our 
mixes  as  had  proven  too  tender  to  press,  and  concluded  to 
use  gum  tragacanth. 

After  several  trials,  we  found  that  a  mixture  of  1  oz. 
dry  gum  tragacanth  to  20  quarts  hot  water  gave  us  about 
the  proper  solution.  Much  thought  was  giA^en  as  to  the 
proper  time  to  add  this  mix  to  the  body,  but  viewed  from 
all  points,  we  decided  that  it  should  be  sprayed  into  the 
blower  room  as  the  clay  is  being  disintegrated.  For  our 
experiments,  we  added  the  gum  water  to  the  body  before  it 
was  finally  screened  for  pressing,  with  good  results. 

With  the  addition  of  10  cc.  of  the  above  mix  to  2 
pounds  screened  clay,  we  were  able  to  press  successfully 
all  the  tender  bodies  shown  in  the  foreo-oiuG:  tables. 
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A  slight  a«l<litiou  of  oil  was  then  tried  u\  order  to  make 
thie  clay  free  from  the  die,  and  in  part  eliminate  the  wear 
on  the  die  from  eonstaut  nse  of  tlie  oil  brush.  In  this  we 
were  more  than  snocessful,  tiudini>-  after  eontinned  experi- 
ments that  for  onr  body  a  mix  of  3  parts  cf)al  oil  to  1  part 
pure  lard  oil  gave  excellent  I'esnlts.  In  fact,  we  are  now 
using  oil  in  onr  body  for  makinu  small  conii^licated  pieces 
like  Socket  Buttons. 


In  conclusion,  we  ftjund  that  nmcli  (U'pends  upon  the 
way  the  clay  is  pressed  to  give  it  the  desired  thickness  and 
density.  For  instance,  the  i)itch  of  the  screv/  in  the  ma- 
jority of  the  modern  presses  is  entirely  too  great  for  the 
final  pressure.  Theoretically,  a  crank  gives  the  ideal  pres- 
sure, and  it  is  a  question  whether  in  time  we  may  not 
abandon  the  old  screw  press,  which  is  a  man  killer  and  an 
eternal  element  of  error,  and  universally  adopt  the  crank 
press  of  the  German  type.  We  have  a  small  one  in  our 
factory  at  the  ])resent  time,  and  we  believe  it  is  going  to 
work  out  satisfactorilv.     i'iii'.  2. 
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We,  therefore,  as  a  result  of  our  work,  feel  free  to 
assume  that  there  is  practically  no  body  that  can  not  be 
successfully  ground  and  pressed. 

DISCUSSION. 

Mr.  Binns:  This  paper  contains  points  of  consider- 
able importance  that  sliould  be  fully  discussed.  Mr.  Sim- 
coe  has  brought  out  certain  phases  that  are  quite  new.  How 
do  they  chime  in  with  your  experience? 

Mr.  Hastings :  I  would  like  to  ask  if  putting  back 
these  scraps  into  the  blunger  again  would  not  make  trouble 
if  they  contained  oil.  You  have  to  pass  those  scraps  back 
again  eventualh'  into  the  blunger,  do  you  not? 

Mr.  Simcoe :  We  do  not  put  our  scraps  back  into  the 
blunger.  I  would  say  that  j^ou  would  have  difficulty  in 
tliat.  It  is  a  common  experience  with  every  plastic  clay, 
or  clay  having  gum  in  it,  that  you  get  into  trouble  with  the 
filter  press.  But  we  simply  wet  down  our  scrap  and  put 
it  right  back  into  the  "blower,"  or  disintegrator,  together 
^\ith  the  other  clay.    That  would  remedy  that  objection. 

Mr.  Binns:  Do  you  ever  get  it  clean,  that  is,  the 
scrap  ? 

Mr.  Simcoe:    Moderately. 

Mr.  Hope:  I  would  like  to  ask  if  any  difficulty  has 
been  experienced  due  to  the  introduction  of  carbon  in  tlie 
body  or  gum  tragacanth,  or  any  other  organic  matter?  Is 
tliere  any  difference  in  tlie  color  due  to  reduction  or  any 
trouble  of  any  kind? 

Mr.  ^imcoe:  In  answer  to  that  I  Avould  say  that  I 
have  not  gone  into  it  deep  enough  to  give  you  a  trutliful, 
honest  answer  to  that,  but  in  the  proportions  we  use,  I  do 
not  believe  it  would  give  you  any  trouble. 

Mr.  Binns:  I  woulrl  like  to  ask  Mr.  Simcoe  whether 
the  press  of  which  he  speaks  can  l>e  procured  in  this 
country. 

Mr.  ^imcoe  :  It  can  be  had  of  the  Model  Machine  Co., 
Trenton,  New  Jersev,  made  bv  Mr.  jMiller. 
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.;/, .  Binns:  I  would  like  to  ask  Mr.  Siiiicoe  in  tbis 
coiiiic'Ltion  to  tell  us  just  how  the  oil  or  tar  is  introduced 
into  the  clay. 

Mr.  Simcoe:  We  mix  up  a  certain  quantity,  for  in- 
stance, ten  cubic  centimeters,  more  or  less,  whatever  we 
would  use,  and  we  apply  it  with  a  brush,  dipping  a  brush 
into  the  oil  and  sprinkling  it  over  after  the  first  screening, 
allowing  it  to  go  through  the  screen  again  after  the  oil  is 
applied. 

Mr.  Binns :  That  is  as  I  understood  it.  You  first  of 
all  filter  this  clay  and  dry  it  and  break  it  up? 

Mr.  Simcoe :     Yes  sir. 

Mr.  Binns :  And  after  that  you  screen  it  through  an 
eight  to  ten  mesh  sieve? 

Mr.  Simcoe :     About  a  six  mesh  screen. 

Mr.  Binns:  And  then  upon  that  mass  you  sprinkle 
the  oil? 

Mr.  ^imcoe  :     Yes  sir, 

Mr.  Binns:     Then  what  do  you  do? 

Mr.  Simcoe:    Put  it  through  the  sci'een  again. 

3Ir.  Binns:  How  do  you  reduce  it  to  go  through  the 
screen  ? 

3Ir.  Simcoe:  We  do  not  put  it  tbrough  a  finer  mesh. 
It  is  very  fine  to  start  with.  It  has  been  blown  and  gone 
through  the  process  of  disintegration. 

Mr.  Binns :  You  put  it  through  a  six  mesh  and 
sprinkle  the  oil  upon  it,  but  it  is  not  in  a  fine  powder  then? 

Mr.  Simcoe :     It  is  never  in  a  real  fine  powder. 

Mr.  Binns:  You  break  up  these  filtei*  press  cakes 
into  small  pieces,  small  enough  to  go  through  a  six  mesh 
sieve? 

.1/r.  ^imcoe:  No,  we  break  it  np.  The  practice  is 
to  take  it  from  the  dry  room  where  the  press  cakes  can  he 
cut  into  fourths  and  piled  four  high  and  tbev  are  thrown 
out  on  the  floor  and  that  partially  breaks  tbem.  nnd  we 
have  a  man  who  cuts  with  the  point  of  his  shovel  into 
pieces  the  size  of,  say,  three  inches  by  two  inches  by  one 
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irtcli,  something  like  that,  small  enough  to  put  through  the 
blower.  After  the  clay  has  been  disintegrated  and  put 
through  a  screen  to  get  out  the  big  lumps,  then  the 
oil  is  applied  and  the  clay  is  put  through  the  screen  again. 

Mr.  Binns :  Oil  sprinkled  over  the  powdered  clay 
and  then  put  through  the  screen  again? 

Mr.  Simcoe:     Yes,  to  get  it  more  intimately  mixed. 

Mr.  Binns :  You  do  not  find  that  the  oil  causes 
lumps  of  clay  to  form? 

Mr.  Simcoe:     No,  indeed,  none  at  all. 

j\fr.  Staley :  I  have  had  some  experience  in  the  foun- 
dry business  with  cast  iron,  and  this  machine  Mr.  Simcoe 
has  been  talking  about  is  very  similar  to  machines  used 
for  making  moulds  for  cast  iron,  on  jjractically  the  same 
process.  That  is,  they  take  sand  and  if  it  has  not  sufficient 
tenacity  mix  a  little  oil  with  it,  as  Mr.  Simcoe  does,  and 
mould  very  large  pieces.  But  they  find  that  in  mixing  the 
oil  with  the  sand,  for  instance,  in  making  cores,  they  can 
save  a  great  deal  of  oil  by  a  thorough  mixing,  so  that  in- 
stead of  putting  it  through  a  sieve  one  time  as  Mr.  Simcoe 
does,  they  put  it  through  five  or  six  sieves  in  series,  or 
through  a  mixing  machine. 

Mr.  Sandt:  Does  the  use  of  this  coal  oil  eliminate 
any  difficulty  in  freeing  the  ware  from  the  dies?  Because 
that  is  a  trouble  that  frequently  arises  in  this  business. 
Do  you  have  any  further  trouble  with  the  pieces  sticking 
to  the  dies? 

Mr.  Simcoe:  You  are  always  liable  to  have  a  little 
trouble.  You  cannot  positively  eliminate  that,  but  it  is  a 
help. 

Mr.  Bi)in.s:  Is  it  found  that  the  use  of  gum  traga- 
ca.nth  causes  sticking  to  the  die  in  delicate  pieces?  Would 
a  clay  containing  gum  tragacanth  be  inclined  to  stick? 

Mr.  Simcoe:  It  is  rather  the  other  way.  It  releases. 
In  fact,  I  might  add  that  we  tried  a  combination  of  oil  and 
gum  tragacanth. 

Mr.  Binn.'k:     Is  that  not  rather  flue  to  the  fact  tliat  bv 
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the  use  of  the  gum  you  are  enabled  to  use  a  less  plastic  clay 
and,  therefore,  eliminate  part  of  the  sticking? 

Mr.  Simcoe:  I  would  not  want  to  go  on  record  as 
making  that  statement. 

Mr.  Biniis:  Perhaps  you  are  not  troubled  with 
sticking  at  all? 

Mr.  Simcoe :     We  are  not. 

Mr.  Biiins :  Some  of  us  are.  That  is  the  reason  we 
are  asking  the  questions. 

Mr.  Simcoe:  Of  course,  there  are  conditions  arising 
when  dies  become  undercut,  they  will  cause  clay  to  stick 
in  the  cup  of  a  cut  out  or  something  like  that.  That  is 
easily  traced. 

Mr.  Parmelee:  \  would  like  to  ask  Mr.  Simcoe 
whether  he  has  tried  glue  or  dextrine?  Gum  tragacanth 
is  rather  expensive. 

.1//".  Hiincoc:     No,  I  have  not. 

Mr.  Parmelee:  There  is  also  a  by-product  which,  I 
believe,  comes  from  the  coke  factory. 

Mr.  Bimis :  I  think  the  question  of  the  expense  of 
gum  tragacanth  is  rather  exaggerated.  We  found  by  a 
little  investigation  some  time  ago  that  on  buying  it  in  the 
original  package  it  was  possible  to  get  it  at  a  price  which 
would  enable  it  to  be  used  even  on  stone  ware. 

Mr.  Parmelee:     Have  you  compared  it  with  dextrine? 

Mr.  Binns:  I  have  never  used  dextrine  in  tliis  con- 
nection. 


ADDITIONAL  NOTES  ON  SAGGER  MAKING. 

BY 

George  Simcoe,  Trenton,  X.  J. 

Since  the  presenting  of  certain  data  to  tlie  Society 
relative  to  the  cost  of  making  saggers  (Vol.  XI,  Trans. 
A.  C.  S.),  we  have  had  practically  all  saggers  made  by  a 
hand  screw  press,  using  two  general  shapes,  one  rectangu- 
lar (11'' X  16''  outside)  and  the  other  round  (13"  diameter 


outside) .  To  make  these  we  have  two  dies,  which  are 
furnished  with  rings  for  varying  the  height  of  side  from 
2"  to  10".  V\e  can  verify  the  data  given  by  Stover  and 
Barringer  in  part.  Having  the  clay  cut  to  size  and  piled 
convenient  to  sagger  press,  three  men  at  15c  per  hour 
make  60  saggers  per  hour,  making  the  cost  per  sagger  ^4 
of  a  cent.     The  cost  of  tin's  machine  was  |850.00,  which 
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included  the  cost  of  two  dies  and  necessary  rings  for  vary- 
ing height.  This  appears  to  be  an  excessive  price.  My 
object  in  writing  this  note  is  to  draw  a  comparison  between 
a  type  of  press  used  in  Germany  very  extensively  and  the 
common  type  of  screw  press.  We  have  on  trial  in  our 
factory  a  small  form  of  the  German  press  used  in  making 
small  porcelain  pieces. 

The  advantages  of  the  German  press  over  the  old 
screw  press  are  as  follows : 

1.  Better  leverage   (vertical  instead  of  horizontal). 

2.  No  scrcAv  to  wear. 

3.  Minimizes  friction. 

4.  Applying  the  fast  pressure  at  tlie  first  stage  of 
pressing  and  the  slow  powerful  pressing  at  the  last. 

5.  Eliminating  one  man  in  the  operation  of  the  press. 

6.  Uniformitj^  of  size  of  product. 

We  are  making  small  ware  on  our  press,  l)ut  the  prin- 
ciple of  the  pressing  mechanism  is  much  better  than  the 
screw,  and  I  believe  that  a  great  stride  in  sagger-press  con- 
struction could  be  accomplished  by  substituting  the  crank 
shaft  or  toggle  levers  for  the  screw. 


SOME  PROBLEMS  IN  CERAMIC  EDUCATION. 

BY 

E.  G.  Cowan,  Cleveland,  Ohio. 

I  shall  attempt  to  introduce  for  discussion  several 
questions  in  ceramic  education  that  seem  to  me  at  this 
time  to  be  of  importance. 

The  theory  of  education  in  all  branches  of  knowledge 
has  constantly  been  undergoing  change  and  development. 
In  general,  the  changes  of  the  past  few  years  may  be  stated 
to  have  consisted  of  a  pretty  complete  desertion  of  the  old 
ideal  of  education  for  cultural  development  only,  and  an 
acceptation  of  the  very  modern  ideal  of  education  for  util- 
ity. It  is  probable  that  one  extreme  is  as  bad  as  the  other, 
and  that  here  as  in  all  other  branches  of  human  thought,  a 
middle  ground  is  the  safest.  However,  the  new  ideal  of 
utility  has  affected  to  a  greater  or  less  extent  almost  all  of 
our  colleges  and  secondary  schools.  Our  colleges  are  every- 
where making  their  courses  more  practical.  Even  in  our 
high  schools  the  idea  is  gaining  ground  that  the  989r  of 
pupils  who  do  not  go  to  college  are  of  as  much  value  to  the 
community  as  the  2%  of  the  pupils  who  do,  and  the  98% 
are  in  consequence  having  their  problems  studied  as  never 
before,  with  practical  results  that  are  everywhere  mani- 
fest. While  I  do  not  believe  that  the  2%  should  be  neg- 
lected,— for  it  is  from  their  number  that  we  recruit  many 
of  our  great  thinkers  and  great  men — still  it  is  the  prob- 
lem of  the  workers  in  which  I  am  most  interested,  and  it  is 
of  this  problem  that  I  shall  speak  today. 

The  change  in  the  theory  of  education  which  I  have 
mentioned  is  in  all  probability  due  to  the  change  in  otir 
idea  of  culture.  The  culture  of  the  past  was  largely  con- 
cerned with  the  dead, — dead  languages,  dead  literatures, 
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dead  arts.  A  tliini;-  was  of  educational  aud  artistic  im- 
portance in  direct  ratio  to  the  distance  of  its  withdrawal 
from  the  present.  It  was  only  in  the  minds  of  wise  men, 
— and  education  and  wisdom  are  bj  no  means  STuonomous, 
— that  a  welcome  could  be  obtained  for  problems  of  present 
day  importance.  Now  all  this  is  changed.  Today  we  be- 
lieve culture  to  consist  of  thorough  knowledge,  sane  judg- 
ment, and  keen  appreciation  of  and  delight  in  eA'erything 
good,  whether  it  be  old  or  new;  and  that  study  a  cultural 
study  wliicli  will  in  any  way  make  of  the  student  a  better 
student. 

The  outAvard  and  visible  sign  of  our  changed  ideas 
and  ideals  is  to  be  found  in  the  vocational  school,  and  the 
vocational  school  itself  takes  several  forms,  of  which  are 
the  Trade  School  and  the  Technical  School.  The  Trade 
School,  as  its  name  implies,  seeks  only  to  teach  a  trade, 
and  like  any  other  highly  specialized  means  of  education, 
is  objectionable,  because  of  the  one-sided  development 
whicli  it  produces.  In  our  present  state  of  industrial  de- 
velopment, these  schools  may  be  necessary,  but  if  so,  they 
are  a  necessary  evil.  In  the  Teclinical  School,  on  the  other 
hand,  the  pupil  is  given  a  very  general  but  at  the  same 
time,  thorough  manual  education,  supplemented  by  acad- 
emic education  as  complete  as  the  limitations  of  time  will 
permit.  All  studies  are  selected  for  their  usefulness.  If 
a  stud^'  cannot  be  put  to  present  use,  it  is  practically 
valueless,  for  it  will  not  be  remembered.  We  all  remember 
that  this  was  not  the  case  even  a  few  years  ago ;  subjects 
were  still  tauglit  for  their  value  in  training  the  mind, 
which  had  no  other  value  whatsoever.  Latin  is  probably 
a  familiar, — an  unpleasantly  familiar — example  of  these 
studies.  I  presume  there  is  no  doubt  that  these  studies  did 
really  train  the  mind,  but  why  cannot  the  same  training 
be  secured  from  subjects  useful  to  industrial  and  commer- 
cial workers.  Even  in  teaching  of  subjects  valuable  in 
themselves,  there  has  been  in  the  past  much  that  was 
valueless  in  method  and  useless  in  snbstaiKc.     The  study 
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of  mathematics  furnishes  many  excellent  illustrations.  In 
this  study  as  pursued  in  the  past  we  find  many  subjects 
valueless  in  themselves  and  useless  as  preparation  for  the 
higher  branches  of  the  study,  little  eddies  in  tlie  stream  of 
mathematics,  we  may  say.  Xow  these  are  rigorously  ex- 
eluded  at  the  present  time  from  the  study  of  the  subject. 
In  certain  high  schools  today  the  course  in  mathematics  is 
laid  out  first  for  the  boy  who  expects  to  step  from  the 
school  to  the  workshop,  and  second,  practical  and  theoreti- 
cal mathenmtics  as  a  preparation  for  the  higher  work  of 
the  college,  for  the  privileged  boy  who  can  go  to  college. 
In  both  cases  the  work  in  mathematics  is  correlated  with 
every  other  subject  wherever  possible  or  practicable,  and 
every  other  subject  is  correlated  with  it.  In  fact,  we  might 
say  in  general  of  present  day  education  that  correlation 
is  the  keynote,  the  beginning  and  the  end  of  method.  It  is 
by  correlation,  by  the  emphasizing  of  the  relations  of  each 
subject  to  every  other,  that  we  fashion  those  numberless 
hooks,  more  tenacious  and  more  durable  than  iron,  which 
fasten  their  theories  and  their  facts  forever  in  our  meinor- 
ies.  Is  not  this  a  better  system  than  the  old  one,  which 
allowed  the  boy  to  do  his  own  correlating  for  himself  in 
the  workshop  after  his  school  days  were  over  and  done 
with? 

It  is  in  Germany  that  the  vocational  school  has  re- 
ceived its  highest  development.  What  her  vocational 
schools  have  done  for  Germany  industrially  I  need  not 
speak  of  here,  for  we  are  ail  familiar, — perhaps  enviously 
familiar^ — with.  These  schools  are  so  many  and  so  varied 
that  it  is  possible  for  any  German  lad  to  obtain  instruction 
in  any  branch  of  industry,  and  to  carry  on  his  studies  to 
almost  any  extent.  ^lany  of  these  schools  are  trade  schools 
pure  and  simple,  whose  purpose  is  the  turning  out  of 
expert  workmen.  In  addition  to  these  are  the  technical, 
industrial  and  scientific  schools,  where  any  practical  study 
may  be  pursued  to  almost  any  length  in  any  of  its  branches. 
These  latter  schools  are  turning  out   the  experimentors, 
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iiiTestigators,  iiiyeiitors,  and  executixes  who  have  made 
German  indnstry  and  trade  what  it  is  today. 

Now  YOU  are  probablj-  asking  yourselves  what  has  all 
this  to  do  Avith  the  ceramic  industries.  My  reply  is  that 
ceramic  education  has  been  undergoing  the  same  evolution 
that  we  find  in  these  other  branches  of  education,  only  with 
this  unfortunate  difference,  that  it  has  evolved  neither  as 
fast  nor  as  far  as  is  desirable  and  even  necessary  for  the 
growth  and  development  of  the  ceramic  industry. 

The  ceramic  student  of  the  past  found  it  necessary  to 
carry  on  his  studies  in  one  of  two  or  three  institutions  in 
this  country,  whose  courses  of  study,  while  excellent  in 
every  way,  could  scarcely  be  called  practical.  For  his 
practical  knowledge  he  depended  on  experience  in  one  of 
our  factories.  The  apprenticeship  system,  however,  is  a 
thing  of  the  past  everywhere  but  in  our  potteries,  and  tliis 
too  for  reasons  logically  attendant  on  present  industrial 
conditions.  In  this  way,  the  old  practical  education  of 
apprenticeship  in  several  of  our  ceramic  industries  has 
been  the  only  education  of  the  working  man  and,  with  the 
new  conditions  that  are  coming,  it  is  insufficient,  largely 
because  apprenticeship  is  a  relic  of  the  past  and  because 
there  are  more  modern  methods.  And  as  yet  we  have 
nothing  to  take  its  place.  Our  schools  should  supply  this 
lack,  but  as  yet  they  ha^e  not  supplied  it.  Unless  they  do 
supply  it  there  will  soon  be  a  lack  of  skilled  workmen  in 
the  ceramic  industries.  They  aaIII  not  supply  it  unless 
there  is  an  urgent  and  concerted  demand  from  the  ceramic 
industries  of  this  country.  Here  we  have  a  great  educa- 
tional need,  and  here  we  find  the  connection  between  tlv' 
ceramic  industries  and  the  educational  development  of  this 
country. 

For  example:  In  the  Avhiteware  business  there  is  today 
a  very  great  lack  of  expert  workmen  and  foremen.  Where 
are  Ave  to  find  these  men?  It  is  not  hard  to  find  boys  and 
men  willing  to  learn  the  business.  Any  i^osition  Avhich 
])ays  good  wages  will  attract  workuM'ii.     Rut  be  they  ever 
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SO  williug,  where  are  they  to  learn  the  business?  In  the 
shops  there  is  no  good  chance  to  learn  even  the  different 
parts  of  one  trade.  To  secure  a  capable  foreman  of  clay 
shop  or  decorating  shoj)  is  difficult,  and  there  is  some 
doubt  of  the  capability  of  some  of  the  "capable"  ones.  Since 
the  industry  cannot  meet  its  own  needs,  it  is  the  duty  of 
the  schools  to  suppl}^  the  lack. 

To  return  to  the  main  question  of  ceramic  education, 
I  believe  that  ceramic  education  must  be  greatly  enlarged 
and  extended.  In  the  past  only  scientific  or  engineering- 
ceramics  has  been  taken  up  in  our  schools  with  any  degree 
of  thoroughness.  In  the  future  I  believe  that  the  art  side 
and  the  trade  side  of  ceramics — the  other  two  great  phases 
of  the  subject, — must  receive  equal  attention  with  its  scien- 
tific side  in  ceramic  education.  I  even  believe  it  will  be 
found  to  be  a  practical  necessity  to  subdivide  these  fle])art- 
ments  into  a  number  of  others.  It  is  of  course  evident  that 
an  education  in  any  one  of  these  lines  will  necessitate  tak- 
ing up  the  others  in  a  greater  or  less  degree. 

As  I  have  said,  in  the  past  our  schools  have  taught 
only  scientific  ceramics.  The  amount  of  practical  work 
given  in  the  various  schools  varies  somewhat,  but  in  none 
is  it  sufficient  to  allow  the  student  to  take  a  job  as  foreman 
on  leaving  college.  In  some  of  these  schools,  also,  art  work 
is  given,  but  this  is  not  sufficient  in  extent  to  be  called  an 
art  training,  nor  thorough  enough  to  be  of  practical  use  in 
the  successful  solving  of  business  problems.  Now  this 
must  be  changed,  and  the  change  must  be  brought  about, 
it  seems  to  me,  by  specialization.  It  will  be  necessary  to 
divide  ceramic  education  in  the  way  I  have  indicated,  and 
to  make  the  course  in  each  division  stiff  enough  so  that  its 
graduates  are  certain  to  be  efficient.  The  attempt  to  give 
a  course  that  will  fit  the  student  for  any  position,  from 
clay  geologist  to  art  potter,  whiteware  man,  or  brick 
maker,  is  neither  just  to  the  industries  represented  nor  to 
the  men  themselves. 

Now,  the  investigator  is  just  as  important  as  tlie  prac- 
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tical  man,  but  we  do  not  need  as  many  of  him.  This  is 
evident  when  we  stop  to  thinlv  that  one  investigator  of 
genius  can  supply  results  that  will  keep  all  of  our  practi- 
cal men  busy  in  applying  them.  The  time  is  near  when 
the  up-to-date  manufacturer  will  not  have  to  be  an  investi- 
gator into  the  fields  of  the  unknown.  I  do  not  mean  to  say 
by  that,  that  Ave  now  know  all  that  we  shall  ever  know 
about  clay  and  glaze,  but  I  do  mean  that  we  shall  soon 
have  a  fund  of  knowledge  in  regard  to  tliese  subjects  large 
enough  to  suffice  our  potters  in  the  manufacture  of  ordi- 
nary Avares.  Our  greatest  need  then  is  not  for  -new  ma- 
terial, but  for  some  one  Avho  can  appl^^  the  information  Ave 
noAV  have,  as  well  as  that  Avhich  Avill  be  added  in  the  future 
bA^  investigators  trained  for  the  purpose.  At  present  tiie 
ordinary  factory  cannot  afford  an  investigator.  The  man- 
ager must  look  after  the  executive  end  of  the  business  and 
also  do  the  investigating.  This  is  neither  fair  to  the  man- 
ager nor  the  factory.  The  investigator  can  produce  the 
best  results  only  Avhen  he  can  give  his  undivided  time  to 
his  Avork.  The  same  is  true  of  the  executive,  only  that  the 
executive  must  have  in  addition  sufficient  scientific  knowl- 
edge of  his  subject  to  understand  the  results  of  the  labors 
of  the  iiwestigator,  as  set  forth  in  our  ceramic  literature, 
and  to  apply  it  practically  in  the  factory.  Roth  these  men 
are  today  equally  essential  to  the  ceramic  industries. 

I  haA^e  said  that  these  men  are  equally  essential  to  our 
industries,  but  that  A^'e  need  more  ex(H'utives,  more  prac- 
tical men  than  trained  iuA^estigators.  Naturally  Ave  shall 
expect  to  find  this  requirement  recognized  in  our  industrial 
education.  But  I  fear  our  expectations  are  at  the  present 
time  doomed  to  disappointment.  In  our  ceramic  education 
today  only  the  scientific  phase  is  emphasized.  The  practi- 
cal work  done  in  the  last  two  years  of  our  college  courses 
is  not  thorough  enough  to  lie  of  much  value  except  in  giv- 
ing a  rather  hazy  idea  of  tlie  metbods  of  production.  Now 
we  cannot  change  this  and  retain  onr  present  ideal  of  giv- 
ing the  student  a   smattering  of  everything  ceramic.     If 
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sufficient  time  were  spent  ou  the  practical  to  give  the 
student  a  good  working  knowledge  of  the  business,  it  would 
then  be  impossible  to  prepare  him  in  the  four  years  tor 
extensive  investigation.  You  see  our  necessities  must  in- 
evitably force  us  into  specialization. 

Now  we  shall  find  it  impossible  to  recruit  our  foremen 
from  the  ranks  of  college  graduates,  when  these  men  have 
found  it  necessary  to  spend  a  number  of  supplementary 
years  in  the  shops  in  order  to  get  their  practical  knowl- 
edge. Men  who  spend  that  amount  of  time  in  preparation 
for  their  life  work  demand  more  money  than  most  of  us 
can  afford  to  pay  our  foremen.  Other  industries  offer 
them  much  greater  opportunities  in  return  for  an  equal 
amount  of  preparation.  Yet  we  require  educated  foremen 
in  our  business.  Should  we  not  see  to  it  that  our  capable 
vouno-  men  mav  get  the  necessary  practical  education  at  a 
minimum  outlay  of  time  and  money?  The  answer  to  this 
question  spells  something  like  Trade  School. 

The  whiteware  industry  perliaps  feels  the  need  of  the 
trade  school  more  than  any  other  branch  of  ceramic  work. 
There  is  no  other  industry  of  any  kind  in  this  country  so 
built  up  out  of  numberless  details,  in  which  more  chemical 
actions  and  reactions  take  place  in  the  course  of  produc- 
tion and  which  requires  such  expert  and  varied  workman- 
ship     And  in  addition,  in  this  industry  the  sale  of  the 
product  depends  on  its  artistic  worth  in  the  eyes  of  the 
buvino  public,  whose  taste  is  constantly  becoming  more 
exact  and  discriminating.    Here  we  have  a  natural  combi- 
nation of  the  three  divisions  of  ceramics  previously  men- 
tioned    The  scientilic,  the  executive  and  the  artistic.    And 
yet  we  haye  been  expecting  and  attempting  to  educate  our 
Vouno-  men  for  this  sort  of  work,  by  four  years  of  prepar- 
atioirin  the  scientific  branch.    Now  Nve  are  certainly  get- 
tino-  some  real  results  from  scientific  investigations,  as  T 
have  said,  but  until  the  executive  and  the  artistic  phases 
nre  -iven  their  place,  and  the  attention  they  deserve  m  our 
('duration,  there  will  be  no  complete  rounding  out  of  the 
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results  of  our  scientific  inyestigations.  Only  when  all  three 
are  working  together  will  any  adequate  degree  of  efficiency 
be  obtained  from  the  work  of  any  one  of  them,  and  only 
then  will  ceramics  as  a  whole  approach  its  ultimate  goal. 
To  return  to  our  present  system  of  education.  Let  us 
grant  that  the  college  student  of  today  is  willing  to  spend 
the  necessary  years  in  the  shops  after  graduation  to  obtain 
his  practical  experience.  Xow  arises  the  question,  will  he 
get  the  chance?  I  am  not  going  to  discuss  here  the  desira- 
bility of  unions.  In  this  case,  however,  the  unions  do  work 
a  hardship.  They  insist  on  a  certain  ratio  of  apprentices 
of  one  or  two  years  is  discouraging  to  the  student,  espec- 
ially when,  as,  in  the  case  of  the  presser's  trade,  the  first 
year  is  spent  in  making  soap  slabs.  Now  it  has  been  found 
that  two  years  in  a  trade  school  give  a  broader  and  more 
thorough  training  than  a  four  years'  apprenticeship,  not 
only  in  theoretical  knowledge,  but  in  manual  skill  and 
deftness.  This  is  not  difficult  to  understand  when  we  con- 
sider that  the  student  is  pushed  on  as  rapidly  as  possible 
while  the  apprentice  is  not,  and  that  the  student  is  tauglit 
his  work  in  a  s^^stematic  manner  and  with  a  certainty  of 
method,  with  which  the  slipshod  methods  of  the  appren- 
ticeship system  cannot  even  begin  to  compare.  To  pre- 
pare a  man  for  a  position  as  foreman  would  require  even 
less  time  than  would  be  spent  on  the  ordinary  worker,  for 
in  this  case  it  is  the  knowledge  of  what  to  do  and  how  to  do 
it  that  is  essential,  while  the  deftness  that  comes  only  from 
practice  is  not.  Perhaps  it  might  be  best  to  have  such  a 
trade  school  offer  two  courses,  one  of  two  years  and  one  of 
four  years,  the  two  year  course  being  purely  a  trade  course, 
and  the  four  year  course  giving  in  addition  some  training 
in  the  other  related  trades  and  their  underlying  principles, 
together  with  such  desirable  subjects  as  mathematics  and 
English.  Such  a  school  would  occupy  a  place  in  our  coun- 
try's educational  system  on  a  level  with  the  high  school, 
except  that  everyone  should  be  admitted  who  desired  the 
work,  and  who  gives  promise  of  being  a  good  workman 
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after  completing  bis  course.  Thus  anyone  finishing  the 
four  year  course  would  be  able  to  go  to  work  at  the  trade, 
and  at  any  time  to  take  the  position  of  foreman.  Of  course 
these  trade  schools  shotild  be  established  only  in  the  locali- 
ties where  ceramic  industries  are  situated. 

There  is,  however,  another  type  of  secondary  school  of 
recent  origin  in  this  country,  which  is  bound  to  exercise  a 
great  influence  on  the  future  of  ceramic  work,  and  of  this 
type  the  Technical  High  School  of  Cleveland  is  one  of  the 
best  examples.  In  this  school  the  art  side  of  ceramic  work 
is  being  taken  up  more  seriously  than  in  any  other  school 
with  which  I  am  acquainted.  Here  indeed  the  work  is  at- 
tacked almost  entirely  from  the  art  standpoint,  only 
enough  emphasis  being  laid  on  the  scientific  phase  to  make 
intelligent  effort  possible.  The  presence  of  ceramic  work 
in  this  school  and  the  manner  in  which  it  is  taught  are  both 
results  of  what  is  often  called  the  Craft  Movement  in  this 
country. 

The  school,  speaking  in  general,  has  a  two-fold  policy. 
I^^irst,  to  prepare  for  their  life  work  those  pupils  who  can 
not  or  will  not  go  to  college.  Second,  to  prepare  pupils  in 
n  more  practical  and  thorough  going  manner  than  that 
usually  attempted  for  our  scientific  and  engineering 
schools  of  college  grade.  The  courses  in  all  subjects  are 
specialized  and  arranged  in  accord  with  the  modern  ideas 
mentioned  earlier  in  this  paper.  All  subjects  are  corre- 
lated in  the  most  practical  and  helpful  manner,  and  there 
is  nothing  in  the  course  which  does  not  make  for  efficiency, 
altliough  the  general  education  of  the  pupil  is  not  lost 
sight  of.  Indeed  I  am  heretic  enough  to  believe  that  the 
general  education  these  people  receive  is  far  superior  to 
that  obtained  in  the  older  or  academic  or  classic  high 
schools.  Here  we  find  practically  every  subject  of  study 
focussed  on  the  problem  the  pupil  has  before  him  in  the 
shop.  In  fact,  the  shop  is  only  a  means  for  giving  visible 
shape  in  wood  or  metal  or  leather  or  clay  to  the  ideas 
conceived  and  worked  out  in  the  other  class  rooms.     Every 
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course  is  worked  out  with  tlie  idea  of  developiug  a  creative 
mind  and  at  the  same  time  of  teaching  the  hands  to  obey 
tliat  mind.  This  school  may  be  said  to  be  the  pioneer 
school  of  this  kind  in  the  country,  and  it  is  now  only  in  the 
second  year  of  its  work,  four  cities,  at  least,  haying  since 
started  such  schools  and  Cleveland  just  breaking  ground 
for  a  second  Technical  High  School.  Already  its  gra<lu- 
ates  are  admitted  without  examination  to  the  engineering 
and  scientific  departments  of  Case  School  of  Applied 
Science,  and  of  Cornell  University, — a  high  proof  of  the 
excellence  both  of  its  course  and  its  instruction. 

Now  in  the  ceramic  department  of  this  school  this 
same  idea  of  the  development  of  the  creative  mind  and  the 
trained  hand  is  carried  out.  Here  the  pupil,  with  the  aid 
of  the  teacher,  creates,  forms  and  designs  for  ornament, 
and  then  carries  out  his  designs  in  the  clay.  Indeed  it  has 
been  learned  that  clay  is  probably  the  best  medium  for  the 
expression  of  applied  art.  It  lends  itself  to  almost  any 
grade  of  work,  from  that  of  the  youngest  child  to  that  of 
the  greatest  artist.  It  has  everywhere  been  found  to  be  of 
such  value  that  in  all  art  schools  it  is  a  part  of  the  required 
work  for  all  pupils.  In  the  Technical  High  School  this 
required  work  is  for  but  one  term  of  the  first  year.  In  the 
second  year  of  the  art  course  the  time  is  practically  all 
given  to  design.  In  the  third  and  fourth  years  the  pupil 
is  allowed  to  specialize  in  any  line  of  art,  and  many  of 
them  have  already  chosen  Ceramic  Art,  or  "Pottery,"  as  it 
is  called  in  the  school. 

We  have  been  criticised  for  giviug  such  courses  to 
young  pupils,  who  are  unable  to  realize  the  large  part  that 
the  firing  and  the  glaze  have  in  any  piece  of  work.  As  there 
are  always  two  sides  to  every  (]uestion,  we  must  recognize 
that  there  is  some  truth  in  this  argument.  The  truth  of 
the  matter,  as  I  shall  try  to  show,  is  that  the  design  of 
the  form  and  the  design  of  the  ornament,  iu eluding  the 
selection  of  the  glaze,  is  really  of  as  great  importance  as 
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the  glaze  itself.  Far  too  much  emphasis  has  beeu  laid  on 
the  scientific  achievement  and  not  enough  on  the  art. 

Now,  as  I  'mentioned  before,  the  standard  of  excel- 
lence of  art  wares  still  largely  consists  of  false  values 
given  because  of  the  rarity  of  the  piece  or  its  difficult}'  of 
manufacture.  The  time  standard  should  consist  of  a  valu- 
ation based  on  the  artistic  worth  of  the  piece  itself  and 
its  utility,  and  as  well  the  way  it  fits  its  surroundings. 

The  "Arts  and  Crafts  Movement'"  is  an  attempt  and  a 
successful  one  as  far  as  it  has  gone,  to  raise  this  true 
standard  to  the  place  it  should  occupy  in  the  minds  of  the 
people.  The  men  and  women  who  have  been  the  chief 
Avorkers  in  this  cause  have  brought  about  an  appreciation 
of  beautiful,  even  though  cheap,  materials  and  objects.  An 
example  of  this  change,  aside  from  ceramics,  can  be  found 
in  the  making  of  jewelry.  Never  before  in  the  history  of 
civilization  has  there  been  such  an  extensive  use  of  semi- 
precious stones  and  stones  that  could  hardly  be  called  that, 
in  the  making  of  high-class  jewelry.  This  is  due  to  the  fact 
that  in  the  designing  of  jewelry  the  considerations  are 
more  now  the  beauty  and  artistic  effect  of  the  article  itself 
and  its  artistic  effect  to  the  wearer.  Last  and  least  is 
considered  the  monetary  value  of  the  materials  used.  Tliis 
is  as  it  should  be.  In  brief,  these  craft  workers  have  taught 
us  that  there  should  be  a  higher  value  and  that  there  is  a 
higher  value  for  all  things  than  that  set  by  a  money  value. 
They  have  taught  us  to  see  the  beauty  that  lies  in  the  com- 
mon materials  with  which  we  have  to  do,  when  used  in  the 
right  way.  Now,  in  applying  these  principles  to  cei'amics, 
we  will  find  that  a  false  standard  has  been  set  up.  We 
have  valued  this  or  that  vase  because  it  cannot  be  dupli- 
cated, being  probably  a  result  of  some  accidental  and 
unnoticed  treatment  in  its  production.  Another  vase  is 
valned  because  it  has  been  made  at  the  expense  of  super- 
human manual  skill,  another  because  the  glaze  recipe  is  a 
secret,  and  so  we  could  go  through  the  list  showing  how  the 
value  of  ceramic  ware  has  been  too  laroelv  based  on  an 
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inability  to  duplicate,  for  any  of  several  reasons.  This 
society  is  doing  all  possible  to  make  known  to  the  world 
all  the  knowledge  of  ceramics  which  has  heretofore  been 
unknoAvn,  or  perhaps  known  to  a  few.  The  time,  which  is 
coming,  when  there  will  be  no  secret  means,  and  a  different 
and  better  standard  be  raised,  means  that  all  of  us  will 
then  fully  realize  that  it  is  not  the  material  that  counts 
but  the  way  it  is  used.  Then  we  will  give  to  the  study  of 
how  to  apply  materials  the  importance  such  study  de- 
serves. 

There  are  two  classes  of  students  in  these  secondary 
schools  who  take  these  pottery  courses.  The  larger  num- 
ber are  those  interested  in  applied  art  as  a  whole.  To  these 
the  pottery  course  is  largely  cultural.  The  other  class  of 
students  is  the  smaller,  consisting  of  those  intending  to 
make  direct  use  of  their  knoAvledge  either  as  teachers  or 
commercial  workers.  From  the  first  class  or  those  deriv- 
ing most  of  their  benefit  in  a  cultural  way,  the  ceramic 
industry  in  most  of  its  branches  will  be  greatly  affected. 
They  will  be  effected  because  these  people  will  influence 
the  taste  of  the  public  in  as  large  a  degree  as  the  others. 
This  cultural  work  must  be  recognized  as  a  moving  force 
in  the  development  of  ceramic  art.  It  should  not  only  be 
recognized  but  should  be  taken  by  the  manufacturers  as 
an  index  of  what  the  better  class  of  the  public  desire  if 
they  can  but  get  it. 

Now,  in  visiting  the  college  ceramic  schools  where  the 
scientific  phase  only  is  taught,  I  have  been  greatly  im- 
pressed by  the  great  amount  of  material  that  has  been 
developed  and  the  seeming  lack  of  how  to  use  it ;  in  many 
cases  there  was  no  appreciatnon  of  the  qualities  of  glazes 
and  bodies  it  was  most  desirable  to  develop.  Of  course 
this  is  not  to  be  greatly  wondered  at  Avhen  we  consider 
that  they  make  no  attempt  to  teach  the  art  phase.  My 
contention  is  that  there  can  be  no  real  development  of 
ceramic  work  in  general  unless  in  the  school,  teaching  the 
scientific  and  tccliiiica],  tliere  is  enouiili  art  sentiment  of 
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the  right  kind  to  keej)  the  scientific  development  in  the 
proper  channels.  It  is  after  a  visit  to  such  a  school  that 
one  fully  appreciates  how  futile  it  is  to  try  to  develop  one 
phase  without  the  others,  and  how  important  the  study 
of  ceramic  art  is  to  all.  In  these  two  kinds  of  schools  we 
have  as  nearly  opposite  types  of  study  as  possible.  In  the 
secondary-  technical  scliool  the  work  in  ceramics  is  prac- 
tically all  art  and  the  training  of  the  hands.  It  would  be 
impossible  to  go  much  beyond  this  a\  ith  that  age  of  stud- 
ents. In  tlie  case  of  the  college  ceramic  students,  they 
have  had  no  art  training  and  have  no  time  for  any  in  the 
present  courses.  Now  my  argument  may  have  been  in 
favor  of  greater  specialization  but  this  is  so  only  in  part, 
for  where  can  be  imagined  a  more  narrow  specialization 
than  that  which  takes  up  only  a  broad  scientific  study  and 
ignores  the  other  aspects  of  the  subject. 

That  the  applied  work  in  ceramics  in  the  secondary 
school  is  of  use  to  these  students  is  very  evident  to  those 
acquainted  with  tlie  actual  conditions.  They  enter  such  a 
course  not  knowing  that  bricks  are  made  of  clay  and  that 
the}'  have  to  be  burned.  They  have  no  idea  of  glazes  and 
what  they  are  and  what  for.  When  they  finish  even  the 
short  course  they  have  some  idea  of  the  possibilities  of  clay 
and  its  limitations.  They  begin  to  realize  what  an  im])ort- 
ant  part  it  plays  in  every  day  life  and,  as  they  are  interest- 
ed in  it  as  a  material,  ceramic  objects  they  meet  are  noticed 
and  remembered,  forming  that  fund  of  knowledge  out  of 
which  later  their  intuitions  and  inspirations  are  to  be 
drawn. 

As  mentioned  before,  one  of  the  greatest  elements  of 
vocational  education  is  an  insistance  on  an  early  and  inti- 
mate association  with  both  materials  and  methods,  and  it 
is  in  this  gathering  of  information  and  ideas  that  one  of 
the  greatest  benefits  is  derived  from  this  element;  for,  the 
student  who  in  early  years  has  even  a  slight  knowledge  of 
the  material  to  be  used  in  his  life  work  will  li^ather  a  wealth 
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of  information  about  his  work  that  will  in  time  be  inval- 
uable. 

The  writer  used  to  ponder  over  the  question  of 
whether  it  was  best  to  get  the  practical  experience  before 
going  to  college  or  to  go  to  college  and  then  get  the  prac- 
tical experience.  In  either  case  one  would  get  almost 
twice  as  much  out  of  the  work  that  followed.  But  how 
much  more  logical  it  is  to  follow  the  modern  idea  of  the 
subject  and  give  the  theory  and  the  practice  at  the  same 
time  and  have  them  well  correlated.  The  great  difficulty 
is,  as  mentioned  before,  that  in  the  present  ceramic  course 
there  is  not  room  for  the  practical,  but  if  the  modern  idea 
is  carried  out  in  practice,  two  things  will  happen.  First, 
the  courses  will  be  remodeled  and  all  that  is  not  to  the 
benefit  of  the  student  to  remember  in  after  years,  or  has 
no  bearing  on  what  is  to  follow,  will  be  cut  out.  Second, 
the  specialization  will  be  brought  down  so  that  if  wanted 
it  can  be  had  as  low  as  the  third  year  in  high  schools.  This 
does  not  apply  to  those  who  wish  to  follow  the  almost 
purely  scientific  course,  but  to  those  wishing  either  the  art 
or  the  trade  or  the  technical  courses  fitting  men  for  indus- 
trial work. 

There  is  no  other  business  under  the  sun  that  requires 
this  specialization  more  than  does  the  whiteware  business. 
It  must  have  it  and  will  in  time,  but  let  us  hope  that  time 
will  be  soon. 

The  part  that  the  secondary  school  is  to  take  in  the 
education  of  the  engineering  or  scientific  student  is  quite 
another  matter,  and  while  there  is  no  doubt  that  the  grad- 
uates of  the  technical  school  in  the  regular  preparatory 
course  will  be  much  better  fitted  for  the  continuation  of 
such  work,  there  is  still  some  question  as  to  whether  it  will 
Ite  possible  to  give  them  anything  in  ceramics. 

If  the  ideas  in  this  paper  were  followed  the  ceramic 
education  of  the  country  Avould  be  specialized  into  its  three 
natural  phases,  with  schools  of  three  types: 

1.     The  secondarv  or  trade  school  in  the  trade  center. 
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Here  the  important  purpose  would  be  to  turn  out  expert 
workmen.  This  to  be  the  two  year  course.  Next  to  have 
a  technical  course  of  four  years  where  the  theory  will  be 
taught  with  the  practice,  and  prepare  students  that  wish  it 
for  more  advanced  work  in  college  in  either  the  trade  or 
art  phase  of  the  work,  or  to  go  at  a  trade  until  the  chance 
of  foreman  is  given. 

2.  The  secondary-  school  not  necessarily  in  the  trade 
center.  The  important  work  and  perhaps  the  only  work 
would  here  be  the  art  phase.  The  usual  fact  of  an  excel- 
lent art  department  and  the  facilities  of  the  large  city 
would  give  it  a  great  advantage  in  this  line  over  the  school 
in  the  smaller  city. 

3.  The  college  of  ceramics.  Here  the  three  phases 
would  be  taken  up  in  the  art,  technical  and  scientific  or 
engineering  courses.  These  would  be  continuations  of  the 
courses  followed  in  the  secondary  schools. 

I  give  these  suggestions,  hoping  they  may  be  worthy 
of  your  consideration  and  desiring  that  a  discussion  may 
follow  that  ^'ill  hedp  bring  about  the  establishment  of  the 
necessary  schools  or  departments. 

DISCUSSION. 

Mr.  Stofcr:  I  think  a  gTeat  many  ideal  conditions 
have  been  set  forth,  and  I  would  like  to  live  to  see  a  great 
many  of  them  brought  about.  We  started  in  Trenton  with 
a  School  of  Industrial  Arts  about  the  time  the  American 
Ceramic  Society  was  organized,  and  I  happened  to  be  a 
charter  member  of  the  Institution.  That  school  was  prin- 
cipally for  young  men  who  were  working  in  the  day  time 
and  wanted  a  chance  to  better  their  conditions,  and  we 
have  at  last  got  to  the  point  that  our  city  recognizes  that 
we  are  doing  a  good  work  and  Mr.  Henry  C.  Kelsey  has 
put  up  1100,000  to  make  us  a  good  building,  and  we  hope 
if  you  meet  with  us  in  the  near  future  to  show  you  a  com- 
pleted building  for  work  very  much  aldng  this  line.     We 
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do  not  coiitiiie  ourselves  exclusively  to  ceramics.  Wlieii 
you  speak  of  1)8  per  cent  going-  to  high  schools  and  two 
per  cent  going  to  colleges,  if  that  is  right,  what  we  are 
after  is  the  big  percentage  that  never  get  to  the  high 
schools  even.  There  are  a  lot  of  peof>le  put  to  work  just  as 
soon  as  they  are  able  to  work,  and  right  down  to  tlie  limit 
of  the  law,  if  not  before,  and  there  is  a  good  deal  of  good 
material  right  in  that  crowd  of  boys  for  our  foremen — in 
fact,  many  of  these  are  our  foremen  today.  As  a  word  of 
encouragement  along  that  line,  several  of  our  shops  in 
Trenton  have  adopted  a  plan  that  any  boy  starting  in  their 
shops  to  learn  any  particular  branch  of  the  business  that 
is  taught  in  that  school,  has  to  register  and  show  a  good 
attendance  two  nights  each  week.  Thus  he  may  not  only 
learn  in  actual  practice  the  trade  he  wants  to  get,  but  he 
can  be  taught  along  the  theoretical  line  of  the  school  at 
night.  And  I  tell  you  I  have  believed  ever  since  we  started 
our  School  of  Industrial  Arts,  nearly  twelve  years  ago, 
that  it  is  a  move  in  the  right  direction,  and  one  that  will 
bring  good  material  from  the  lower  ranks  as  well  as  the 
upper. 

Mr.  Cowan  :  I  think  a  mistake  that  is  being  made  in 
these  schools  is  that  they  are  not  being  supported  by  the 
city.  They  should  be.  They  are  every  bit  as  important,  if 
not  more  so,  than  the  academic  high  school.  That  is  what 
the  technical  high  school  in  Cleveland  is  trying  to  do,  is  to 
reach  those  who  think  they  cannot  go  to  the  high  school 
because  they  have  to  go  to  work.  If  it  is  recognized  that 
the  city  should  support  the  classical  or  academic  high 
school,  it  is  ten  times  more  necessary  that  the  city  should 
support  the  city's  trade  schools  and  technical  schools  that 
are  going  to  turn  out  their  industrial  workers.  And  it 
seems  to  me  that  the  influential  members  from  East  Liver- 
pool and  tlie  other  trade  centers  ought  to  be  able  to  arouse 
the  city  to  tire  fact  that  those  schools  are  part  of  the  city 
school  system.  That  is  being  done  in  St.  Louis,  in  Chicago, 
in  Cleveland,  in  Buffalo  and  in  other  big  cities.  It  is  being 
done  in  the  1)ig  cities  and  sliouhl  be  done  in  all  the  cities. 
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Dean  Wadsioorth,  {Univ.  of  Pittshnrgh)  :  If  I  may 
be  allowed  to  take  part  in  the  discussion,  I  wish  to  speak 
in  regard  to  some  of  the  practical  educational  applications 
and  relative  to  the  theoretical  method  of  education  that 
Mr.  Cowan  has  so  pleasantly  spoken  of.  There  are  two 
points  of  view,  and  he  has  suggested  culture  and  practice. 
It  seems  that  some  of  us  are  working  along  a  somewhat 
different  line,  a  compromise,  which  I  may  state  in  this 
form :  Culture  or  brain-training  dejiends  not  so  much  upon 
the  subject  studied,  but  upon  how  thoroughly  it  is  studied, 
and  that  more  mental  discipline  is  obtained  by  studying 
any  subject  in  which  the  student  is  vitally  interested  than 
in  studying  any  subject  for  culture  when  the  student  has 
no  natural  aptitude  for  that  subject  and  has  an  intense 
dislike  for  it.  I  1)elieve  this  principle,  when  followed,  as 
it  is  in  some  schools,  produces  a  far  better  result  than 
either  of  those  two  other  points  of  view — the  culture  alone 
cr  the  utility  alone, — because  this  conserves  and  educates 
many  men  for  great  usefulness  who  otherwise  would  fail, 
and  belong  to  the  10  to  50  per  cent  of  students  usually  lost 
between  entrance  and  graduation. 

In  the  way  above  mentioned  culture  and  utility  are 
both  obtained  at  the  same  time.  Another  principle  adopted 
in  the  school  which  I  represent  is  that  whatever  is  taught 
theoretically  shall,  so  far  as  is  possible  to  do  so,  be  taught 
practically  either  at  the  same  time  or  later.  The  student 
has  both  his  theoretical  and  his  laboratorv  work  in  con- 
nection witli  the  institution.  Previously  during  the  vaca- 
tion time,  and  liereafter  during  term  time,  under  the  new 
rules  passed  in  our  institution,  the  student  was  and  is 
allowed  to  arrange  with  some  firm  to  Avork  with  it  for  a 
certain  length  of  time.  After  the  work  is  finished,  he  must 
present  a  thesis  on  the  work  that  he  has  been  doing  while 
he  was  laboring  under  the  direction  of  that  firm,  and  he 
must  pass  a  written  or  oral  examination  upon  this  work. 
He  must  also  present  a  certificate  from  the  firm  showing 
what  work  he  has  done,  its  orarle  j'.s  far  as  the  firm  is  able 
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to  give  it,  au(l  whether  it  has  been  satisfactory  or  not.  The 
student  is  tlien  allowed  to  substitute  this  practical  work 
for  collegiate  work  that  he  would  ordinarily  carry  as  elec- 
tives  during  his  course.  In  this  way,  a  student  can  shorten 
his  college  course  by  a  year,  if  he  has  the  physical  and  men- 
tal strength,  b}-  improving  his  summer  vacations,  or  after 
this  his  term  time,  and  thus  graduate  in  three  instead  of 
four  j^ears.  This  gives  great  assistance  to  the  older  men 
who  are  unable  to  spare  four  years. 

We  adopt  this  same  principle  to  aid  the  practical  man. 
No  matter  what  his  learning  has  been  before,  he  is  per- 
fectly welcome  to  come  to  us  at  any  time,  and  without 
examination  or  anything  further  than  simply  to  satisfy  us 
that  he  can  do  the  work  understandingly,  and  can  profit  by 
his  stay  in  the  school,  and  he  is  allowed  to  take  up  any 
work  he  is  qualified  to  enter,  and  to  stay  just  as  long  or  as 
short  a  time  as  he  pleases.  He  is  free  from  all  ordinary 
college  restrictions  except  simply  to  attend  to  his  business 
w  hile  in  the  school.  Of  course  he  is  given  no  degree.  He 
can  be  given  a  certificate  stating  that  he  has  taken  certain 
work,  if  he  so  desires.  We  do  this  simply  to  try  to  help 
men  of  somewhat  advanced  j^ears.  If  it  shall  later  prove 
desirable,  night  school  work  will  also  be  provided  for  these 
practical  men. 

Professor  >iih'erman:  There  is  .one  point  that  I  was 
hoping  Dr.  Wadsworth  would  bring  out,  which  is  that  the 
Tiuiversity  of  Pittsburgh  is  working  along  the  line  that 
has  been  suggested,  but  in  my  opinion  to  even  a  more  ]ier- 
fect  degree.  The  plan  that  is  before  the  Board  of  Trustees 
now,  and  I  believe  has  been  passed,  although  not  in  com- 
plete detail,  is  such  that  a  man  will  i;(^t  his  full  training 
under  the  supervision  of  the  University.  The  entire  year 
will  1)0  split  up  into  four  quarters,  three  of  which  the 
student  will  spend  in  the  I'^^niversity  and  the  fourth  in  the 
manufacturing  establishment  selected  by  the  professor. 
By  doing  this  in  the  freshmen,  sophomore,  junior  and  sen- 
ior years,  spending  one-fourth  of  each  year  in  local  maim- 
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factiiriiii;  establishments,  he  may  receive  graded  instruc- 
tion in  the  practical  field  at  times  when  his  education  per- 
mits him  to  understand  it  fulh'.  That  is  carrying  out  to 
perhaps  an  even  greater  degree,  the  plan  which  was  sug- 
gested for  the  Cleveland  Technical  High  School,  and  will 
enable  us  to  graduate  men  wlio  are  ready  for  responsible 
positions. 


SOME    CHEMICAL    AND    PHYSICAL    CHANGES    IN 
CLAYS  DUE  TO  THE  INFLUENCE  OF  HEAT. 

BY 

J.  M.  Knote,  Urbaiia,  111. 

All  who  have  studied  clays  are  aware  that  the  temper- 
ature range  in  which  chemical  and  physical  changes  may 
take  place,  extends  from  the  ordinary  atmospheric  temper- 
ature up  to  about  1850° C,  at  which  point  even  the  most 
refractory  clay  is  profoundly  affected,  both  by  physical 
and  chemical  reactions.  The  temperature  intervals  in 
Avhich  reactions  of  commercial  importance  occur  have 
been  studied  with  more  or  less  thoroughness,  as  a  survey 
of  tlie  literature  will  show.  Ashley \  in  his  studies  of  the 
colloidal  matter  in  clays,  worked  at  ordinary  atmospheric 
temperatures.  Bleininger^  heated  clays  to  a  point  consid- 
erably below  the  temperature  of  dehydration,  and  produced 
reactions  of  great  practical  importance.  The  dehydrati(Mi 
of  clays  has  been  studied  by  numerous  workers.  F.  W. 
Olark^  and  others  have  attempted  to  determine  the  com- 
pounds formed  when  dehydration  occurs.  Le  Chatelier 
determined  the  heat  changes  in  some  clays  when  they  were 
heated  rapidly  from  atmospheric  temperatures  to  a  high 
heat.  Purdy^,  Bleininger^  and  others  have  studied  the 
physical  and  chemical  changes  produced  in  clays,  and  mix- 
tures of  clays  with  otlier  substances,  between  cone  010  and 
cone  11.  The  formation  of  sillimanite  at  about  1350°O 
has  been  the  subject  of  much  experimentation  and  specu- 
lation, and  finally  the  determination  of  the  point  of  fusion 
of  fire  clays  has  become  common. 

1  Trans.  A.  C.  S.,  Vol.  XI. 
.    ^  Trans.  A.  C.  S.,  Vol.  XI. 
•'  Bulletin  125.  U.   S.   Geological   Survey. 
*  Trans.  A.  C.  S.,  Vol.  IX. 
=  Trans.  A.  C.  S.,  Vol.  X. 
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It  is  apparent  that  very  little  attention  lias  been  paid 
to  what  takes  place  in  a  clay  from  the  time  it  begins  to 
lose  its  combined  water  until  it  reaches  a  point  where  the 
reactions  of  vitrification  are  started.  And  there  has  been 
iio  data  published  on  the  phj^sical  and  chemical  behavioj' 
of  fire  clays  at  temperatures  above  cone  11  and  below  their 
fusing  point.  So  the  object  of  this  work  is  to  investigat(^ 
these  neglected  regions. 

The  work  naturally  divides  itself  into  two  parts:  one 
an  investigation  of  the  behavior  of  clays  below  1000° C,  and 
the  otlier  the  behavior  of  refractory  clays  above  lOOO^C. 

PART  I. 

INVESTIGATION  OF  THE  CHEMICAL  AND  PHYSICAL 
CHANGES  THAT  OCCUR  IN  CLAYS  AT  TEMPERA- 
TURES BELOW  1G00°C. 

Method  of  Investigation. 

Above  cone  010,  changes  in  porosity  and  apparent 
specific  gravity  of  trial  pieces  indicate  chemical  and  pliy- 
sical  changes,  and  have  been  found  of  great  value  in  study- 
ing clays,  but  below  cone  010  these  methods  of  investiga- 
tion do  not  apply.  The  true  specific  gravity,  as  determined 
with  the  pycnometer,  and  the  chemical  properties  of  the 
material,  would  be  most  likely  to  indicate  and  explain  any 
changes  Avhich  take  place. 

Determination  of  True  Specific  Gravity  of  High  Grade 
Clays  Heated  to  Temperatures  Below  1000 °C. 

A  series  of  the  purer  clays  was  selected  to  include  plas- 
tic and  non-plastic  fire  clays,  ball  clays,  kaolins,  etc. 
Shales  and  red-burning  surface  clays  were  not  inchuled, 
as  it  was  desired  to  avoid  as  far  as  possible  the  effect  of 
the  ordinary  diluting  minerals.  Tlie  clays  were  pulverized 
to  pass  an  eighty  mesh  sieve.  Samples  were  put  into  por- 
celain crucibles  and  these  fired  in  the  laboratory  test  kiln 
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described  bv  Purdy,  Vol.  IX,  Trans.  A.  C.  S.  The  tem- 
peratures were  determined  by  means  of  a  pyrometer,  the 
end  of  the  couple  being  placed  as  close  as  possible  to  the 
crucibles  to  be  drawn.  A  sample  of  each  clay  was  drawn 
at  intervals  of  100° C  up  to  a  temperature  of  450^0,  and 
after  that,  every  50^C  up  to  lOOOC.  It  was  not  possible 
to  burn  all  the  clays  at  once,  but  eight  burns  were  neces- 
sary. 

The  specific  gravit}'  of  these  samples  was  determined 
by  means  of  the  pycnometer,  or  specific  gravity  bottle.  The 
methods  of  doing  this  are  described  in  various  text  books. 
Bleininger,  Vol.  XI,  Trans.  A.  C.  S.,  gives  the  details  of 
the  method  and  apparatus  used  in  the  Ceramic  Laboratory 
of  the  University  of  Illinois.  The  results  shown  in  Table 
Xo.  1,  and  Curves  1  and  2,  were  obtained  by  this  means. 

TABLE  No.  1. 
Pycnometer  Results  on   Various  High.  Grade  Clays. 
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Discupision  of  Pycnometer  Data. 

It  is  signiiicant  that  the  curves  for  such  a  large  variety 
of  clays  are  so  similar.  There  may  be  essential  differences 
in  the  behavior  of  various  clays,  but  if  this  is  true,  we 
failed  to  discover  it.  The  onl}-  difference  we  can  see  is 
that  the  non-plastic  clays  seem  to  reach  a  higher  specific 
gravity  at  950°— 1000°  C  than  do  the  plastic  clays.  An 
iijspection  of  the  results  given  in  Part  2  of  this  paper  will 
also  indicate  that  this  is  true  in  general.  The  notable 
exceptions  are  in  the  case  of  Poole's  No.  I  China  Clay  and 
the  fire  cla^^  from  the  Diamond  Clay  Co.  There  is  no  doubt 
that  the  specific  gravity  of  a  burned  clay  is  the  resultant 
of  scA^eral  factors,  but  it  seems  that  the  physical  condition 
is  one  of  these. 

Love  joy's  Settle  Curves. 

Lovejoy  (Vol.  VII,  Trans.  A.  C.  S. )  made  careful 
measurements  of  the  settle  in  brick  kilns,  from  the  time 
the  fires  were  lighted  until  the  kiln  was  finished,  and  found 
that  the  height  of  the  brick  in  the  kiln  increased  at  about 
the  temperature  of  dehydration,  indicating  an  increase  in 
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volume  of  the  brick.  This  would  seem  to  confirm  our  re- 
sults, as  a  decrease  iu  true  specific  gravity  would  give  an 
increased  volume. 

Curve  No.  3  is  one  of  the  many  which  Mr.  Lov^ejoy 
obtained. 
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Work  to  Determine  the  Causes  of  the  Specific  Gravity 
Changes  Below  1000^  C. 

It  is  evident  that  an  investigation  of  the  chemical 
properties  of  the  material  is  necessary  to  determine  tlie 
character  of  the  changes  indicated  by  the  specific  gravity 
determinations.  It  has  been  known  for  a  long  time  that 
weakly  ignited  clays  when  mixed  with  slaked  lime  and 
water  are  pozzuolanic  in  character  and  will  set  and  harden. 
Second,  it  has  been  pointed  out  that  dehydrated  clay  is 
much  more  soluble  in  acid  than  the  raw  material.  These 
are  the  reactions  which  were  used  to  iuA-estigate  the  char- 
acter of  dclivdrated  clav. 
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Clay  Investigated. 

It  would  have  been  desirable  to  investiii-ate  a  series 
of  elajs,  but  since  we  could  not  do  that  a  very  pure  plastic 
fire  clay  from  Olive  Hill,  Ky.,  was  used.  It  had  about  the 
following  composition : 

Silica    47.08 

Alumina    39.86 

Oxide  of  Iron  0 .  88 

Lime    Tr. 

Magnesia    Tr. 

Potash    Tr. 

Soda    Tr. 

Loss  on  Ignition 12.34 

Cone  of  Fusion 34 . 

This  clay  is  described  by  Greavcs-AValker,  Trans.  A. 
C.  S.,  Vol.  IX. 

Behavior  with  Lime  and  Water. 

Samples  of  finely  pulverized  clay  were  ignited,  one  to 
(iOO°C,  the  second  to'^800°C,  a  third  to  950°C  and  another 
to  1050° C.  These  were  mixed  with  33V3%  slaked  lime  by 
grinding  dry  in  a  ball  mill.  The  mixed  material  was  made 
plastic  with  water  and  moulded  into  the  regulation  tensile 
test  briquettes.  These  were  kept  in  a  damp  cellar  for 
twenty-four  hours,  and  then  immersed  in  water  for  twenty- 
eight  days.  At  the  end  of  this  time,  the  samples  which  had 
been  burned  to  600° C  and  800° C  averaged  160  pounds  per 
square  inch,  the  950° C  sample  110  pounds  per  square  inch, 
but  the  one  which  had  been  burned  to  1050°O  slaked  down, 
giving  zero  tensile  strength.  This  shows  that  the  hydraulic 
properties  are  immediately  lessened  as  a  result  of  the 
change  which  produces  the  increase  of  specific  gravity.  To 
determine  just  how  rapidly  the  clay  loses  its  hydraulic 
properties  a  variety  of  clays  should  be  tested.  Our  work 
does  not  show  this  as  completely  as  it  should,  but  from  the 
work  we  did,  a  clay  and  lime  mixture  seems  to  behave  just 
as  a  Eoman  cement,  which  is  not  surprising. 
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Behavior  of  Dchijd rated  Chiy  and  Lime  Mixtures  When 
i^Khjected  to  High  Pressure  Steam. 

The  .same  mixtures  whieh  ^^  ere  tested  for  hydraulicity 
were  put  into  a  small  steam  cylinder,  whlcli  was  used  for 
hardening-  sand-lime  mixtures,  and  subjected  to  steam  at 
110  pounds  pressure,  for  eioht  hours.  The  briquettes  made 
from  clay,  calcined  below  ()50°(\  gave  an  average  tensile 
strength  of  140  pounds  per  square  incli,  and  those  which 
were  lieated  above  050° C  averaged  290  pounds  per  square 
inch.  Tlie  latter  briquettes  were  much  denser  and  harder 
than  those  of  tlie  lower  calcined  material. 

Effects  of  Chemical  Reagents  on  Clays  Calcined  at 
Vario 1 1 s  Temp eratu res . 

The  Olive  Tlill  plastic  clay  mentioned  before  was  used 
for  this  experiment  also.  Three  samples  were  used:  (1) 
raw,  (2)  calcined  to  OOO^C,  (3)  calcined  to  1000"(\  These 
were  boiled  four  hours  with  Na2C03  solution,  250  grams 
NaoCOa  per  liter,  with  very  little  effect  on  any  of  them. 
Samples  of  the  same  material  were  then  repeatedly  boiled 
with  1  : 3  HCl  solution,  the  residue  being  treated  with 
dilute  alkali  solution  containing  1  gram  NaOH  and  3 
grams  Na^.T'C,  per  50  c.  c.  (See  Chemical  Examinalion  of 
Pozzuolane  Material,  Bulletin  3,  Geological  Survey  of 
Ohio,  Fourth  Series,  p.  111.) 

This  treatment  extracted  6%  from  the  raw  clay,  11:% 
from  that  calcined  to  ()00°O,  and  5%  from  the  ioOO°C 
sample. 

This  shows  the  very  marked  difference  in  solubility 
of  the  material  calcined  at  different  temperatures.  Edgar 
ball  clay  was  tried  in  the  same  way  and  gave  about  the 
same  result,  except  70%  was  extracted  from  the  fiOO°  0. 
sample.  '  '^ 

Sum  mar !i  of  Results. 

(1 )  "When  the  chemically  combined  water  is  expelled 
from  a  'lay,  compounds  are  formed  which  have  a  lower 
specific  gravity  than  the  raw  clav  itself. 
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(2)  There  is  a  sudden  increase  in  specific  gravity 
about  950 °C,  at  which  point  Le  Chatelier  reported  an  ex- 
othermic reaction. 

(3)  Essentially  the  same  curve  was  obtained  for  all 
clays  tested. 

(4)  With  two  or  three  exceptions,  the  non-plastic 
clays  reached  slightly  higher  specific  gravity  at  950^ — 
1000°C  than  the  plastic  clays  did. 

(5)  Dehydrated  clays  which  have  not  been  heated 
above  900°C  are  pozzuolanic  in  character,  but  lose  this 
property  rapidly  if  heated  above  950 ""C. 

(6)  Clays  heated  above  950° C,  when  mixed  with 
lime  and  water  and  subjected  to  high  pressure  steam,  give 
a  very  much  stronger  body  than  similar  mixtures  of  clay 
which  were  heated  below  950° C. 

(7)  Raw  clays  and  clays  heated  above  950°C  are  not 
attacked  appreciably  by  NaaCO..,  and  but  slightly  by  HCl. 
Dehydrated  clays  heated  to  temperatures  below  900° C  are 
not  attacked  by  NaoOO.,,  but  are  strongly  attacked  by  HCl. 

(8)  The  residue  after  treatment  of  the  dehydrated 
clay  with  HCl  is  but  slightly  pozzuolanic  in  character. 

Conclusions. 

Our  data  does  not  show  the  water  content  of  a  clay  in 
its  various  stages  of  dehydration,  but  we  know  from  the 
work  of  others  that  the  water  does  not  all  leave  at  once, 
and  a  part  often  remains  until  the  temperature  advances 
considerably.  It  would  be  impossible  to  state  just  what  is 
formed  as  products  of  dehydration,  without  taking  this 
fact  into  consideration.  How^ever,  we  think  we  have  evi- 
dence to  disprove  the  general  idea  that  AloO.,  2SiOo  2H2O 
breaks  down  into  ALO.,  SiOo  +  Si02+2H,6.  So  far  as  we 
can  find  out,  there  is  no  positive  evidence  to  support  this 
view,  but  it  is  based  on  the  fact  that  sillimanite  (AloO;^ 
8162)  is  stable  at  high  temperatures,  while  other  silicates 
of  alumina  are  less  so.     These  cannot  be  the  compounds 
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reall^^  formed  bv  deliydration,  a.s  the  exi)eriineiital  facts 
given  above  cauuot  be  accounted  for  on  this  basis. 

AVe  wish  to  suggest  the  following  as  an  attempt  to 
explain  the  facts  noted.  AI2O3  28100  2HoO  breaks  up  to 
form  AI2O3  SiOs+ALOa  3SIO2+2H26  which  has  a  lower 
specific  gravity  than  the  AI2O0  2Si02  2H2O. 

If  this  change  takes  place  in  the  clays  examined 
it  is  fairly  reasonable  to  assume  that  the  same  will  occur  in 
any  clay,  since  the  specific  gravity  changes  are  similar  in 
all  cases. 

What  causes  the  specific  gravity  to  immediately  in- 
cre<ise  after  reaching  a  minimum  we  can  not  explain,  un- 
less it  is  the  expulsion  of  the  remaining  water. 

We  have  not  proven  what  causes  the  increase 
of  specific  gravity  at  950° C,  but  hope  to  have  some  data  to 
offer  a  little  later.  It  might  be  due  either  to  the  formation 
of  an  isomeric  compound  or  to  the  combination  of  silicates 
to  produce  a  new  compound.  Either  reaction  might  evolve 
heat.  We  suggest  a  combination  of  the  above  mentioned 
silicates  to  form  AUOo  2  SiOo,  but  as  stated  before,  we 
have  not  proven  it.  The  behavior  of  the  clay  when  ignited 
to  1000 °C,  mixed  with  lime  and  water  and  subiected  to 
high  pressure  steam,  is  a  point  against  the  formation  of  an 
isomeric  compound.  Also  numerous  writers  have  spoken 
of  AloO;;  2SiOo  breaking  up  at  high  temperatures  under  the 
action  of  fluxes,  but  this  statement  may  not  be  based  on 
established  facts.  An  acid  silicate  and  a  basic  silicate  are 
known  to  be  formed  at  high  temperatures,  and  the  only 
question  is  as  to  what  breaks  up  or  changes  when  they  are 
produced. 

The  fact  that  tl)e  non-plastic  clays  seem  to  acquire  n 
higher  specific  gravity  than  the  plastic  clays  is  probably 
due  to  the  difference  in  the  physical  condition  of  the  clays 
themselves. 
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PART  II. 

This  part  of  the  iuvesitigmtiou  was  devoted  to  a  study 
of  the  physical  behavior  of  typical  tire  clays  in  the  tem- 
perature interval  between  cone  010  and  cone  23.  It  was 
originally  intended  to  carry  every  clay  to  its  fusing  point, 
but  we  were  unable  to  do  this  on  account  of  an  accident  to 
the  furnace  we  were  using. 

Method  of  Procedure. 

The  nonplastic  days  Avere  pulverized  to  about  8  mesh 
and  then  wet-ground  in  a  ball  mill  for  three  hours,  after 
which  all  of  them  were  plastic  enough  to  be  molded  into 
briquettes  quite  readily.  The  charge  in  the  mill  was  so 
adjusted  that  a  good  assortment  of  sizes  of  grains  v,as  se- 
cured, which  ran  10  mesh  and  finer.  The  plastic  clays 
were  dry-ground,  wet,  wedged,  and  molded  into  briquettes. 
The  briquettes  were  burned  in  a  coke-fired  test  kiln  to 
cone  11,  a  draw  being  taken  at  the  temperatures  indicated 
on  the  following  curve  sheets.  For  temperatures  above 
cone  11,  the  oil-fired  test  kiln  described  elsewhere  i^i  this 
volume,  was  used. 

Duration  of  the  Heat  Treatment. 

All  the  briquettes  were  first  burned  in  the  cokc^-fired 
test  kiln,  the  temperature  being  raised  graduallv,  cone  11 
being  reached  in  36  hours.  For  the  temperaturc^s  above 
cone  11  the  calcined  briquettes  were  put  in  the  oil-fired 
kiln.  This  was  fired  so  as  to  reach  550°  C.  in  on(^  hour, 
cone  11  in  two  hours,  cone  15  in  four  hours,  cone  20  in  five 
hours,  and  cone  23  in  six  hours.  The  burns  varied  from 
this  <5ichedule  somewhat,  but  not  enough  to  make  an.v  es- 
sential difference.  All  the  clays  were  carri(Ml  to  a  given 
temperature  at  the  same  time. 

Tests  After  Burning-. 

The  apparent  specific  gravity,  porositv  and  shri>d«ige 
of  the  briquettes  were  obtaine<l  in  the  usual  wav.  The 
following  curves  and  tables  sliow  the  results. 
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Olive  Hill,  Ky.,  Flint  Fire  Clay. 

This  clay  is  from  the  mines  of  the  Olive  Hill  Fire 
Brick  Co.  at  Olive  Hill,  Carter  County,  Kentucky.  The 
clay  deposits  of  this  region  have  been  described  by  Greaves- 
Walker,  Vol.  IX  Trans.  A.  C.  S.  The  clay  at  Olive  Hill 
is  at  the  level  of  the  Maxville  limesftone,  just  at  the  top  of 
the  Sub-Carboniferous  or  IMississippian  strata. 

The  following-  analysis  is  typical : 

SiO,    43.80 

ALO 40.71 

Fe.O,     0.81 

Cab     0.96 

MgO     0.13 

Volatile    matter 13.43 

Cone  of  fusion    34-35 

Under  the  microscope  in  thin  sections,  the  clay  is 
seen  to  be  made  up  almost  entirely  of  a  structureless 
ground  mass,  which  has  very  little  effect  on  polarized  light. 
Embedded  in  the  ground  mass  are  a  very  few  rounded 
grains  of  quartz,  and  a  small  amount  of  a  micaceous  min- 
eral, a  few  grains  of  rutile,  zircon,  etc.  There  are  areas 
which  represent  pebbles  which  are  now  entirely  decom- 
posed to  a  substance  dift'ering  from  the  material  in  which 
they  lie,  in  consequence  of  their  greater  richness  in  mica- 
ceous particles. 

results. 

The  specific  gravity  curve  proves  to  be  practically  a 
straight  line  up  to  cone  23,  which  is  a  most  unusual  condi- 
tion. Another  noteworthy  fact  is  that  the  clay  decreases  in 
porosity  between  cones  05  and  11  without  any  change  in 
specific  gravity.  The  high  fire  shrinkage  seems  to  be  char- 
acteristic of  some  flint  clays,  but  the  data  which  follows 
shows  that  it  is  not  true,  by  any  means,  of  all  of  thenh 

The  microscopical  examination  failed  to  show  any 
crystalline  structure  in  this  flint  clay,  or  in  any  other  flint 
clay  examined.  Under  polarized  light,  the  ground  mass 
behaved  as  an  amorphous  substance. 
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TABLE  L 
OLIVE    HILL    FLINT    FIRE    CLAY. 
Data  Obtained  on  Burned  Briquettes. 


No. 

Heat  Treatment 

Expressed  ia 

Cones 

Per  Cent 

Fire 

Shrinkage 

Apparent 
Specific 
Gravity 

Per  Cent 
Porosity 

1     

010 

05 

1 

3 

5 

7 

9 

11 

15 

20 

23 

4.0 
4.0 
6.0 
6.5 

8^6 
9.0 
9.0 
9.0 
9.5 
9.5 

2.71 
2.72 
2.69 
2.69 

2.' 71 
2.73 
2.74 
2.74 
2.71 
2.71 

26.4 
26.4 
22.0 
17.8 

2    

3    

4    

5    

6    

18.0 
16.7 
14.0 
16.0 
13.5 
14.0 

7    

8    

9    

10    

1]     
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Portsmouth^  O.,  Flint  Fike  Clay. 
Tlie  j^eoloi'ical  liorizoii,  occvirreiice,  and  properties  of 
this  clay  are  the  same  as  those  of  the  specimens  from  Olive 
Hill,  Ky.  It  is  rather  noteworthy  that,  considering-  the 
great  variation  of  the  flint  clays  even  in  a  restricted  area, 
two  clays  from  such  widely  separated  deposits  should  be 
so  nearly  identical,  even  if  they  do  occur  at  the  same  hori- 
zon. 


PORTSMOUTH,  O.,  FLINT  FIRE  CLAY. 
Data  Obtained  on  Burned  Briquettes. 


No. 

Heat  Treatment 

Expressed  in 

Cones 

Per  Cent 

Fire 
Slirinkage 

Apparent 
Specific 
Gravity 

Per  Cent 
Porosity 

1     

010 

05 

1 

3 

5 

7 
9 

n 

15 
20 
23 

.. 

4.48 
5.0 

7.7 
7.9 
8.0 

8^5 
9.0 
9.0 
9.0 
9.5 

2.70 
2.68 
2.71 
2.70 
2.69 

2!7i 
2.72 
2.73 
2.72 
2.71 

28.0 

2     

26.3 

3    

22.1 

4    

21.0 

5    

19.2 

6    

7    

17.6 

8    

18.0 

9    

18.0 

10    

18.0 

11    

14.5 

12    

.... 
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McKeesport,  Pa.,  Fijnt  Fire  Clay. 

This  flay  was  supplied  by  ^Ir.  J.  P.  Mcliityre,  of  Mc- 
Keesport, Pa.,  from  a  tract  in  Bell  ToAvnsliip,  Clearfield 
County,  Pa.  It  is  marked  IMcKeesport  Clay  to  distinoiiisli 
it  from  another  clay  also  from  Clearfield  County,  Pa. 
Nothing  is  known  of  its  exact  occurrence,  chemical  or  min- 
eral constitution.  It  ^vas  rather  dark  in  color  and  had  the 
usual  physicnl  properties  of  a  flint  clay. 

results. 

The  specific  oravity  begins  to  drop  about  cone  15, 
which  distinguishes  it  fi'om  the  Olive  Hill  and  Portsmouth 
clays.  The  porosity  and  shrinkage^  se(Mn  to  change  gradu- 
ally but  almost  continuously. 
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McKEESPORT,  PA.,  FLINT  FIRE  CLAY. 
Data  Obtained  on  Burned  Briquettes. 


1 
2 
3 
4 
5 
6 
7 
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Q 
10 
11 


Heat  Treatment 
Expressed 
In  Cones 


010 

05 
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11 

15 

20 

23 


Pfr  C«nt 

Fire 
Shrinkage 


5.3 
6.1 
6.1 
6.2 

6^8 

i'.d 
8.2 
9.0 
9.5 


Apparent 
Specific 
Gravity 


2.68 

2^69 
2.70 
2.66 
2.62 


Per  Celt 
Porosity 


24.0 

24.0 
22.0 
21.0 
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16.5 
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Clearfield  County,  Pa..  Flint  Fiue  Clay. 

This  clay  is  being  used  at  the  present  time  for  the  iiiaii- 
ufactiire  of  first  class  refractory  wares.  As  nearly  as  we 
can  determine  from  siiryey  reports,  it  occurs  at  the  IcycI 
of  the  fiercer  coals  in  the  Pottsyille  conglomerate.  I'uder 
the  microscope  it  shows  a  little  more  quartz  than  the  Oliye 
Hill  clay,  but  the  ground  mass  which  makes  up  the  bulk 
of  the  material  seems  to  be  the  same  and  affects  polarized 
light  yery  little.  The  quartz  grains  nearly  all  exhibit 
strain  as  though  deriyed  from  a  schist. 

RESULTS. 

The  clay  shows  itself  to  be  of  quite  dilTerent  character 
from  the  Oliye  Hill  clay.  The  specific  gravity  takes  a  de- 
cided drop  about  cone  13,  but  tlie  porosity  remains  un- 
changed to  a  much  higher  temperature.  The  fire  shrinkage 
is  not  high,  and  the  clay  seems  to  swell  slightly  as  the 
specific  gravity  drops.  This  is  a  condition  not  frequently 
met  with. 


CLEARFIELD  CO.,  PA.,  FLINT  P^IRE  CLAY. 
Data  Obtained  on  Burned  Briquettes. 


1    
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1 

3 

5 

7 
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20 
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2    

3    

4    

5    

6        
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9    

10        

11     

Heat  Treatment 
Expressed 
in  Cones 


Per  Cent 

Fire 

Shr  nkagc 


A  pire;  t 

."■pecific 

Gravit> 


Per  C'  nt 
Porosity 


3.0 

2.70 

23.0 

4.3 

2.70 

21.0 

5.6 

2.68 

21.0 

5.6 

2.68 

21.4 

5.'g 

2!  70 
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5.'6 
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20.1 

5.0 

2.65 
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18.5 
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Savage  Mt.,  Mi».,  Flint  Fire  Clay. 

This  clay  occurs  at  the  same  horizon  ascribed  to  the 
Clearfield  County,  Pa.,  clay,  namely,  the  level  of  the  ^Mercer 
coals.  It  is  very  similar  to  the  Pennsylvania  clay,  as  the 
curves  show.  Occasional  pieces  show  a  Avell  marked  breccia 
structure,  with  irregular  sliarj^  edged  pieces  of  vai-ious 
sizes  imbedded  in  a  cementing  material,  which  must  be 
^ery  similar  in  composition  to  the  pieces  themselves. 

RESULTS. 

A  drop  in  specific  gravity  about  cone  13,  with  no 
decrease  in  porosity  accompanying  it,  but  an  increase  in 
volume  being  shown  by  the  shrinkage  measurement,  are 
the  same  features  pointed  out  in  regard  to  the  Pennsyl- 
vania clay.  This  is  the  second  case  of  flint  clays  occurring 
at  the  same  horizon,  exhibiting  about  the  same  properties, 
even  if  separated  by  a  distance  of  many  miles. 
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SAVAGE  MT.  FLINT  FIRE  CLAY. 
Data  Obtained  on  Burned  Briquettes. 
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Hxpressed 
in  Cones 
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15 

20 

23 
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Shrinkage 
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3.8 
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4.8 

5!6 

5.6 
4.4 
3.5 
3.6 


Apparent 

Specific 
Gravity 


2.68 
2.68 
2.68 
2.68 

2!7i 

2!  69 
2.63 
2.60 
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Per  Cent 
Porosity 
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Mineral  City,  Ohio,  Flint  Fire  Clay. 

This  clay  occurs  higher  up  in  the  geological  scale  than 
the  clays  described,  namely,  at  the  level  of  the  Lo^ver  Kit- 
tanning  clay  and  coal.  It  shows  mucli  more  quartz,  when 
examined  by  the  microscope,  than  the  other  clays  do.  The 
quartz  is  cliaracterized  by  very  sharp  edges,  which  woubl 
indicate  a  residual  origin, 

RESULTS. 

The  data  shows  a  drop  in  specific  gravity  at  about  the 
same  temperature  at  which  the  phenomenon  occurred  in  the 
two  preceding  clays,  but  the  porosity  begins  to  decrease 
about  cone  11,  With  the  decrease  in  porosity  also  comes 
an  increase  in  shrinkage.  This  is  the  only  flint  clay  ex- 
amined whose  physical  xu'operties  changed,  as  we  expected 
from  a  study  of  the  plastic  clays. 

MINERAL  CITY',  O,,  FLINT  FIRE  CLAY\ 
Data  Obtained  on  Burned  Briquettes. 


No. 

Heat  Treatment 
Expressed 
in  Conei 

Per  Cent 

Fire 
Shrinla.e 

Apparent 
Specific 
Gravity 

Per  Cent 
Porosity 
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29.0 
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29.0 
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28.4 
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21.0 
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Clearfield  County,  Pa.,  Plastic  Fire  Clay. 

Tliis  clay  is  not  a  typical  plastic  clay,  but  seems  to  be 
more  of  the  semi-flint.  It  could  be  regarded  as  one  of  the 
transition  clays  between  the  flint  and  plastic  varieties. 

RESULTS. 

Its  behavior  is  much  more  that  of  a  flint  clay  than  it 
is  of  a  plastic.  The  drop  in  porosity  is  greater  than  that 
of  any  flint  clay  examined,  but  not  as  great  as  that  of  the 
]>lastic  clays. 
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CLEARFIELD   CO.,   PA.,   PLASTIC   FIRE   CLAY. 
Data  Obtained  on  Burned  Briquettes. 
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Olive  Hill,  Ky.,  Plastic  Fire  Clay. 

This  is  a  remarkable  plastic  clay.  It  does  not  re- 
semble ail}'  of  the  preceding  clays  in  the  least,  so  far  as  its 
physical  properties  are  concerned,  but  it  has  very  nearly 
the  same  chemical  composition  as  the  Olive  Hill  flint  clay. 
Its  occurrence  and  properties  are  described  by  Greaves- 
Walker  in  Vol.  IX,  Trans.  A.  C.  S.,  it  being  known  locally 
as  the  Blankenship  plastic  clay.  Occurring  in  the  same 
vein  with  a  flint  clay  of  almost  identical  chemical  composi- 
tion, and  almost  the  same  cone  of  fusion,  it  serves  to  elimi- 
nate most  of  the  factors  Avhich  have  been  suggested  to 
explain  the  difference  between  plastic  and  non-plastic 
clays. 

olive  hill,  ky.,  plastic  fire  clay. 

Data  Obtained  on  Burned  Briquettes. 
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Porosity 
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McKeesport,  Pa.,  Plastic  Fire  Clay. 

This  clay  is  from  the  same  locality  as  the  flint  clay 
listed  as  jNIcKeesport,  Pa.,  flint  clay.  It  presents  notliing 
out  of  the  orrJinary  except  that  in  the  raw  condition  it  has 
more  of  a  shale  structure  than  that  of  a  typical  fire  clay. 

McKEESPORT,   PA.,   PLASTIC   FIRE   CLAY. 
Data  Obtained  on  Burned  Briquettes. 


No. 

H' at  Treatment 
Expressed 
in  Cones 

Per  Cent 

Fire 
Shrinkage 

Apparent 

Specific 
Gravity 

Per  Cent 
Porosity 
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German  Plastic  Glass  Pot  Clay. 

Imported  clays  are  used  more  or  less  in  the  manufac- 
ture of  glass  pots,  and  as  the  clay  here  described  is  used 
for  this  purpose  its  behavior  is  of  some  interest. 

Data  Obtained  on  Burned  Briquettes. 


No. 

Heat  Treatment 

Express  :d 
in  Cones 

Per  Cent 

Fire 
Shrinkage 

Apparent 
Specific 
Gravity 

p.  r  Ctnt 
Porosity 

1      

010 

05 

1 

3 

5 

7 

9 

11 

15 

20 

2.3 
2.4 
4.3 
4.3 

4.6 
4.6 
4.6 
4.2 
Vesicular 
... 

2.62 
2.62 
2.61 

2.60 

2.57 
2.54 
2.50 
2.21 



24.4 

2    

20.3 

3    

4    

5    

17.3 

15.8 

6    

15.0 

7.7 

8    

7.0 

9    

10    

11    

2.0 
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The  foregoing-  curves  show  that  there  is  a  great  differ- 
ence in  tlie  behavior  of  various  flint  tire  clays,  and  a  sharp 
contrast  between  the  behavior  of  flint  clays  and  plastic 
ciays. 

General  Conclusions. 

We  here  present  the  specific  gravity  curves  of  a  num- 
ber of  fire  clays,  all  drawn  on  one  sheet.  The  specific  grav- 
ity below  1000°  C.  is  true  specific  gravity,  while  that  above 
that  temperature  is  apparent  specific  gravity. 
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For  the  behavior  of  clajs  beh)\v  1000°  C,  we  have  al- 
ready advanced  an  hypothesis,  which  is  formed  entirely  on 
experimental  data.  To  explain  the  behavior  above  cone  010, 
we  have  produced  no  experimental  data,  but  numerous  facts 
have  been  brought  out  by  others  which  help  us  to  formu- 
late an  hj-pothesis. 

Numerous  writers  have  pointed  out  that  through  suffi- 
ciently severe  heating  all  clay  wares  become  more  or  less 
crystalline  in  structure.  The  clay  substance  is  said  to 
break  up  into  one  silicate  which  is  rich  in  alumina,  and 
another  rich  in  silica.  The  crystalline  substance  found  in 
porcelains  which  have  been  heated  above  1850°  C  has  been 
identified  as  sillimanite — (Al.^Oa  SiOo). 

Eeasoning  from  these  facts,  and  our  own  data,  ^>e 
suggest  that  on  dehydration,  kaolinite  or  clay  substance 
breaks  down  into  two  silicates,  one  rich  in  alumina  and 
the  other  rich  in  silica.  These  silicates  are  readily  attacked 
by  reagents.  At  about  950°  C  a  pronounced  change 
takes  place,  the  exact  nature  of  which  is  still  uncertain. 
If  ALOr?  2  SiOo  is  formed  at  this  temperature,  it  becomes 
unstable  as  the  temperature  advances,  and  is  decomposed 
by  the  action  of  fluxes,  with  the  formation  of  a  basic  and 
an  acid  silicate.  If  no  combination  of  silicates  takes  place 
at  950°  C,  but  the  change  is  due  to  the  formation  of  iso- 
meric compounds,  it  is  not  so  easy  to  explain  the  phenom- 
ena so  often  pointed  out.  Experiment  alone  can  decide 
the  question  as  to  what  really  occurs. 

The  reactions  below  cone  010  take  place  at  the  same 
temperatures  in  the  case  of  both  plastic  and  non-plastic 
clays,  since  no  constituents  are  involved  other  than  the 
clay  substance  itself.  But  above  that  temperature,  where 
other  constituents  act  on  the  clay  substance,  there  is  a 
striking  difference,  not  in  Avhat  takes  place,  but  in  tbe  tem- 
perature at  which  it  takes  place.  Seger  showed  clearly 
that  this  difference  in  the  behavior  of  the  two  types  of 
clay  is  not  necessarily  due  to  difference  in  chemical  com- 
position, but  in  clays  of  similar  composition  to  a  difference 
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in  pliysical  stiucture.  We  may  assniiic  then  tliat  the  dif- 
ference in  the  behavior  of  the  plastic  and  non-|>lastic  clays 
shown  above  is  primarily  dne  to  this  cause. 

In  conclusion,  the  writer  wishes  to  acknowledge  his 
indebtedness  to  Mr.  B.  S.  Radclitfe  and  Mr.  A.  E.  Wil- 
liams for  valuable  assistance  in  secnring  the  foregoing- 
data,  and  to  Professor  C.  W.  Rolfe  for  granting  the  use  of 
funds  and  apparatus  which  made  the  work  possible. 


A  METHOD  OF  TESTING  CLAYS  FOR  PAVING 
BRICK  PURPOSES.^ 

G.  H.  Brown,  Pittsburgh,  Pa. 

Vitrification  is  iisiially  measured  by  physical  tests  as 
to  hardness,  porosity,  specific  gravity,  etc.,  and  the  vitrifi- 
cation range  by  the  rate  at  which  these  vary  for  a  series  of 
temperatures.  A  clay  which  has  a  short  vitrification  range 
is  generally  considered  unsuitable  for  paving  brick  on  ac- 
count of  the  impossibility  of  securing  uniform  tempera- 
tures in  the  average  commercial  kiln.  While  the  brick  in 
the  top  may  be  marketable,  those  in  the  bottom  are  liable 
to  be  unfit  for  use  and  vice  versa.  When  vitrification  is 
carried  too  far  a  glassy  fracture,  often  accompanied  by  a 
vesicular  structure,  results  and  toughness  is  sacrificed.  It 
is  hence  a  pertinent  question  to  inquire  whether  it  is  pos- 
sible to  correlate  rate  of  vitrification  with  toughness. 
Purdy^  makes  the  statement,  "we  have  not  been  able  to 
distinguish  by  these  physical  tests  betAveen  the  clays  of 
14^/t  and  24:%  type  measured  in  the  per  cents  loss  in  the 
rattler  test,  nor  between  the  clays  that  preserve  their 
maximum  strength  through  a  wide  heat  range  and  those 
which  attain  and  preserve  their  maximum  strength  only 
within  a  narrow  heat  range." 

The  same  author  says'* :  ''sufficient  evidence  is  at  hand 
to  warrant  the  statement  that  any  clay  which  vitrified  to 
a  porosity  of  two  or  three  per  cent  before  cone  5  in  the  heat 
treatment  prescribed  in  this  method  of  burning  test  pieces, 
will  be  too  brittle  for  use  as  a  paving  brick  material." 
Since  in  the  present  work  the  ordinary  absorption  test  was 

^  By  permission  of  the  Director.   U.   S.   Geological  Survey. 
"  Illinois   Geological   Survey  Bull.   No.   9.  page   274. 
3  Ibid,  p.  274. 
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used  to  indicate  porosity  the  results  are  not  strictly  com- 
parable with  his,  .yet  it  was  brought  out  in  the  case  of  one 
clay  that  the  best  structure  was  obtained  between  cones 
4  and  5  with  an  absorption  of  less  than  i  per  cent.  This 
material  stood  a  better  abrasion  test  than  any  of  the  otlier 
clays  tested.  Purdy's  statement,  however,  is  borne  out  in 
another  case  where  the  structure  is  glassy  at  cone  1. 

The  value  of  the  standard  rattler  for  paving  brick 
tests  is  not  questioned  and,  when  operated  according  to 
specifications,  gives  fairly  comparable  results,  but  the  need 
of  a  laboratory  abrasive  test  has  long  been  felt.  The  usual 
laboratory  tests  as  to  hardness,  shrinkage,  porosity,  vitri- 
fication range,  etc.,  while  giving  some  indication  of  Wu} 
value  of  a  clay  for  paving  brick  purposes  unless  supple- 
mented by  an  abrasive  test,  are  apt  to  l)e  misleading.  In 
several  instances  plants  have  been  erected  and  operated 
Avithout  first  thoroughly  testing  the  clay  used,  and  the  pro- 
duct was  found  to  be  below  the  market  standard.  The  use 
of  the  larger  test  is  in  most  cases  too  expensive  and  laboi'- 
lous  owing  to  the  large  amounts  of  clay  required,  the  size 
of  machine  and  the  liability  of  having  to  make  changes, 
the  necessity  of  a  large  test  kiln  or  the  use  of  a  commercial 
kiln,  which  in  many  cases,  is  not  available  or  not  adapted 
to  the  clay  being  tested,  and  finally,  the  considerable  ex- 
pense involved. 

Laboratory  tests  as  to  the  abrasive  qualities  of  clay 
bodies  have  already  been  made  in  several  instances,  the 
methods  of  procedure  varying.  Ogden^  in  his  work  on 
porcelain  bodies,  adopted  circular  test  pieces  %"x2i  o"  in 
diameter.  These  were  rattled  in  a  small  rattler  for  differ- 
ent periods  of  time.  As  his  abrasive  charge  he  adopted  200 
lbs.  of  jackstones  and  15  lbs.  of  pebbles. 

In  the  Ceramic  Laboratory  of  the  Ohio  State  Univer- 
sity 2  inch  cubes  were  molded  by  hand,  repressed,  burned, 
and  rattled  in  a  small  mill  which  had  been  standardized. 
This  process  is  a])t  to  be  faulty  through  defects  in  molding 
and  lack  of  uniformity  due  to  differences  in  pressure,  etc. 

'  Ogden,    Trans.    Am.    Cer.    Soc.,   Vol.    7.    part   3. 
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The  cubes  tested  are  sometimes  rattled  with  cubes  cut  from 
paving  blocks  of  known  alirasion  loss. 

In  conducting  researches  at  the  University  of  Illinois^ 
discs  were  made  by  batting  the  clay  into  a  slab  between 
two  guides,  and  passing  a  roller  ever  the  latter  so  as  to 
obtain  uniform  thickness,  and  then  cutting  with  a  tin  bis- 
cuit cutter.  The  discs  Avere  repressed  on  a  hand  screw 
press.  This  form  of  test  piece  was  found  convenient  and 
adopted  for  the  present  investigation.  In  this  work,  how- 
ever, it  was  decided  to  work  ^Wth  larger  samples,  and  to 
use  an  auger  machine  of  commercial  size  for  the  shaping  of 
the  discs.  Consequently  a  dry  die  of  circular  section  was 
attached  to  the  machine.  The  die  producing  a  round  col- 
umn was  adopted,  it  being  thought  that  it  had  some  ad- 
vantages over  the  cube  or  block  form,  wln'cli  may  be  sum- 
marized as  follows: 

1.  The  use  of  a  circular  cross  section  does  away  with 
corner  friction  and,  in  most  shales  and  No.  2  fire-clays, 
makes  lubrication  unnecessary,  while  dies  of  different  con- 
struction and  lubrication  would  be  necessary  for  clays  of 
different  flowing  qualities. 

2.  A  better  structure  could  be  obtained,  there  being 
no  weak  corners  to  give  untrue  losses,  as  would  possildy 
be  the  case  if  a  srpiare  or  rectangular  die  were  used. 

The  investigation  planned  is  very  extensive,  and  tlie 
results  given  in  this  i)aper  are  of  a  preliminary  character. 
The  present  A\ork  is  discussed  under  the  following  head- 
ings: 

1.  Character,  fineness  of  grinding,  molding,  drying, 
and  burning  of  the  test  pieces. 

2.  Description  of  rattler  test. 

3.  Kate  of  vitrification  of  the  clays  as  measured  by 
water  alKsoi-ption. 

4.  Kesistance  to  abrasion  as  determined  in  tlie  labor- 
atory rattler  and  compared  with  absorptions. 

5.  Conclusions. 

2  Trans.   Am.    Cer.    Soc.   \o\.   XI.    page   358. 
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PREPARATION   OF  TEST  PIECES. 

The  clays  selected  for  testing  are  all  used  coimiier- 
cially  in  the  manufacture  of  either  pavers  or  face  brick. 
The  samples  as  received  were  ground  and  screened,  having 
been  taken  at  the  respective  yards  just  before  entering  the 
pug  mills  or  presses.  In  this  Avay  a  representative  sample 
was  secured  and,  at  the  same  time,  some  idea  of  the  rela- 
tive effect  of  fine  and  coarse  grinding  could  be  obtained. 
The  sample  numbers  correspond  to  the  following  mater- 
ials: 

No.  1,  Paving  brick  shale  from  western  Pennsjdvania. 

No.  2,  Paving  brick  shale  from  northern  Ohio. 

No.  3,  Paving  brick  shale  from  northern  Ohio. 

No.  4,  No.  2  fire  clay  used  in  the  manufacture  of  face 
brick  in  southern  Ohio. 

No.  5,  No.  2  fire  clay  used  in  the  manufacture  of  face 
brick  in  western  Pennsylvania. 

DRY-SCREENING  ANALYSIS  OF  CLAYS  USED. 


Finer 

No. 

0-6 

6—10 

10—20 

20-40 

40—60 

Than  60 

Mesh 

1       ........ 

7.91% 

19.39%' 

24. 800^; 

15.03% 

7.60% 

25.27% 

2     ......... 

9.10 

31  40 

27  00 

10.30 

22  20 

3     

8.85 

33.83 

23.92 

9.25 

24.15 

4             

11.92 

33.12 

19.95 

36  01 

6       ....... 

1   23 

10  92 

23.18 

64  67 

It  will  be  noted  that  shale  No.  1  has  been  passed 
through  the  coarsest  screen,  nearly  8  per  cent  being  of  six 
mesh  or  larger.  Shales  Nos.  2  and  3  are  somewhat  alike 
in  respect  to  size  of  grain.  The  percentage  finer  than  BO 
mesh  is  about  the  same  for  the  three  shales. 

The  two  fire  clays  are  ground  finer  than  the  shales,  a 
larger  percentage  having  passed  the  60  mesh  screen.  No.  5, 
however,  was  much  finer  than  No.  4,  a  20  mesh  screen  hav- 
ing been  used. 

The  temperiig  was  accomplished  in  a  wet  pan,  the 
grinding  being  long  enough  to  give  the  proper  consistency 
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Xo.  1  shale,  16.2%  water. 

No.  2  shale,  18.0%   water. 

No.  3  shale,  20.(3 7c   water. 

No.  4  fire  clay,  16.0%   water. 

No.  5  tire  clay,  19.5%  water. 

From  the  pan  the  clay  was  fed  by  hand  into  an  auger 
machine,  to  which  was  attached  a  Sy^  inch  unlubricated 
circular  die.  Care  was  taken  to  have  this  machine  approx- 
imately full  at  all  times.  The  solid  cylinder  of  clay  was 
cut  into  1-foot  lengths  and  then  into  discs  by  means  of  a 
mitre-box  and  single-wire  cutter.  The  first  discs  were 
made  I14  inches  in  thickness,  but  later  this  thickness  was 
found  to  be  not  sufficient  and  I14  inches  was  adopted  as 
the  standard  thickness  of  the  wet  disc.  No  difficulties  were 
encountered  in  securing  a  smooth  flow  through  the  die  in 
the  case  of  the  above  clays.  The  fire  clays,  however,  gave 
the  smoother  surfaces  when  cut  by  the  wire,  owing  to  their 
having  been  more  finely  ground  than  the  shales.  The  discs 
were  not  repressed.  The  discs  were  dried  in  air  until  lea- 
ther hard  and  then  in  the  steam  drier,  the  final  drying  tem- 
perature being  100° C.    No  drying  defects  were  noted. 

The  burning  was  in  a  down-draft,  gas-fired  kiln  with 
a  burning  chamber  32"x  32''x  32''.  The  time  of  burning  was 
longer  than  that  of  the  usual  test  kiln  practice,  as  it  was 
thought  in  this  way  to  more  nearly  approach  the  conditions 
of  commercial  work.  The  duration  of  the  burns  averaged 
70  hours.  The  heat  distribution  was  fairly  uniform.  The 
pieces  were  in  good  condition  when  drawn. 

Owing  to  the  large  number  of  pieces  and  limited  time 
available,  the  usual  absorption  test  was  employed  for  the 
purpose  of  expressing  the  porosity  of  the  burned  pieces. 
The  time  of  soaking  in  water  was  48  hours,  the  discs  being 
immersed  about  three-quarters  of  their  thickness  in  a  cov- 
ered tank.  All  pieces  were  dried  until  constant  in  weight 
before  rattling  and  then  graded  according  to  absorption. 
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Rattler  Test. 
Tlie  rattler  used  was  a  cylindrical  iron  mill,  shown 
in  Fig.  1,  28  inches  in  diameter  and  14  inches  in  width, 
inside  measnrements.    The  nnmber  of  revolutions  per  min- 
ute is  57.     Some  preliminary  work  was;  necessai-v  to  secure 


a  rattler  loss  comparahle  with  that  of  the  standard  rattler. 
The  first  charge  was  170  pounds  of  pebbles  varying  roughly 
from  1^1>''  to  2"  in  diameter,  the  shajjes  being  more  or  less 
irregular.  The  speed  was  the  same  for  all  tests  but  the 
time  of  rattling  was  yaried.  While  fairly  good  results  were 
secured  in  using  this  material,  it  was  found  that  the  con- 
siderable loss  in  the  weight  of  the  pebbles  would  be  a  factor 
of  importance,  and  hence  1^/2"'  f'^st  iron  cubes  were  substi- 
tuted.    After  trying  various  weights  of  cubes  350  pounds 
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was  found  to  i;ive  comparable  losses,  the  duraiioii  of  run 
being  30  minutes  and  the  number  of  revolutions,  as  before, 
57  per  minute.  The  shot  were  weighed  ami  the  losses  re- 
placed. At  the  present  writing  cast  iron  si)hcres^  have  beeii 
substituted  for  cubes,  it  being  thouglit  the  factor  of  the 
wearing  away  of  the  corners  of  the  shot  and  the  consequent 
factor  in  the  abrasive  loss  will  thus  be  reduced.  It  is  a 
well-known  fact  that  unless  the  cubes  of  a  standard  rattler 
are  periodically  replaced  hy  new  shot,  erratic  results  are 
obtained. 

Relation  Between  Absorption  and  Temperature  of 
Burning. 

As  before  stated,  an  ordinary  absorption  test  served 
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to  indicate  the  porosity  of  the  burned  pieces.    Draw  trials 
were  not  used,  the  absorption  being  that  of  the  full  sized 

1  In  this  the  recent  ijractice  of  Prof.  Edward  Orton,  Jr.,  is  bein;^  followed. 


272 


METHOD    OF    TESTING    CLAYS    FOR    PAVING    BRICK. 


discs  burnt  to  different  temperatures.  The  absorj^tion  tem- 
perature curves  are  presented  in  Fig.  2.  The  following 
facts  are  noted  in  connection  Avith  these  curves: 

Shale  No.  1.  The  vitrification  curve  of  this  clay  is 
fairly  good,  the  drop  being  gradual  from  cone  3  to  the 
finishing  temperature.  It  will  be  noted  that  this  clay  does 
not  fall  to  1%  absorption  until  cone  4  is  reached. 

Shale  No.  2.  The  vitrification  curve  of  this  clay  from 
2.8%  absorption  to  0  absorption  is  somewhat  similar  to 
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that  of  shale  No.  1.     The  increase  in  absorption  with  de- 
crease in  burning  temperature,  however,  is  more  gradual 
than  in  the  case  of  shale  No.  1. 


METHOD    OF    TESTING    CLAYS    FOR    PAVING    BRICK.  273 

Shale  No.  3  has  the  most  unsatisfactory  l>e]iavior,  as 
far  as  vitrification  range  is  concerned,  of  any  of  the  clays 
tested,  the  slope  of  the  vitrification  curve  being  very 
abrupt.  At  cone  1  the  structure  is  glassy.  At  cone  01  the 
structure  is  stony.  Above  cone  1  a  vesicular  structure  is 
developed.  Owing  to  the  very  short  temperature  range, 
during  which  this  clay  has  a  good  structure,  it  would  be 
exceedingly  difficult  to  produce  a  uniform  product  com- 
mercially. 

Fire  Clays  Nos.  4  and  5.  The  two  fire  clays  show 
similarity  in  the  general  slope  of  the  vitrification  curves, 
and  do  not  <liffer  greatly  in  that  respect  from  Shale  No.  1. 
No.  4  is  irregular,  having  an  abrupt  drop  between  cones 
3  and  5. 

Rattler  Loss  vs.  Absorption. 

The  small  number  of  clays  tested  thus  far  do  not  allow 
of  any  important  conclusions  as  to  the  requisites  of  a  good 
paving  brick  clay.  Taking  up  the  clays  tested  in  order, 
Fig.  3,  it  will  be  noted  that  the  minimum  rattler  loss  of 
shale  No.  1,  showing  an  increase  with  increasing  absorp- 
tion, is  somewhat  large  compared  with  that  of~ shale  No.  2. 
This  may  be  due  to  several  causes.  The  clay  was  very 
coarsely  screened,  8%  being  above  6  mesh  size.  This  clay 
did  not  wear  so  evenly  during  abrasion  as  did  shale  No.  2, 
and  the  test  pieces  had  the  appearance  of  being  pitted 
where  the  coarse  grains  had  been  shaken  out.  The  abra- 
sive loss  increased  uniformly  up  to  3%  absorption,  when 
the  increase  was  rather  abrupt.  Above  5%  absorption  the 
discs  did  not  stand  up  well,  having  a  tendency  to  break  to 
pieces.  Shale  No.  2  possesses  more  qualifications  as  a 
good  paving  brick  material  than  either  of  the  other  two 
shales,  the  slope  of  the  vitrification  curve  being  less  than 
that  of  the  two  other  clays.  The  dry  screen  analysis  of 
this  clay  gives  no  excessive  per  cent  of  coarse  grained 
material.  The  discs  rattled  showed  a  more  uniform  wear- 
ing away  than  did  those  in  the  case  of  the  two  other  shales. 
The  absorption-abrasion  curve  is  very  uniform.     No  <liscs 
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of  4%  absorption  were  tested,  and  the  dotted  line  was  as- 
sumed to  connect  the  3%  with  the  5%  point. 

Shale  No.  3  presents  some  erratic  results.  The  dry 
screen  analysis  is  about  the  same  as  shale  No.  2.  From 
the  vitrilication  curve  it  wdll  be  noted  that  the  temperature- 
absorption  curve  of  this  clay  is  very  abrupt.  At  cone  1  the 
clay  had  a  ijlassy  structure.  The  rattler  losses  are  high  in 
all  cases,  but  from  the  curve  it  will  be  noticed  tliat  the  loss 
decreases  with  increase  of  absorption  from  0  to  2  per  cent. 
This  is  accounted  for  by  the  exceeding  brittleness  of  the 
pieces  at  the  higher  temperatures.  The  discs  as  they  came 
from  the  rattler  did  not  show^  a  smoothly  worn  surface,  1)iu 
the  losses  seem  to  be  due  to  pieces  chipped  off  during  abra- 
sion. As  the  absorption  increased,  however,  the  wearing 
was  more  uniform. 

The  two  fire-clays  tested  w^ere  markedly  different  as 
to  fineness  of  grains,  No.  4  having  12%  of  20  mesh  ma- 
terial while  No.  5  had  only  1.23%. 

Fire  clay  No.  4  shows  a  rattler  loss  at  I'/c  absorption, 
about  equal  to  that  of  shale  No.  3.  The  wearing  down  of 
this  clay  was  uniform,  the  pieces  showing  very  little  chip- 
ping. Increasing  absorption  rapidly  increases  the  rattler 
loss  at  a  fairly  uniform  rate,  but  the  loss  probably  woubl 
be  accelerated  witli  still  higher  absorption.  The  rattler 
losses  of  clay  No.  5  Avere  the  highest  of  any  clay  test(^d. 
Similarly  to  the  case  of  shale  No.  3  with  dcn-rease  in  poros- 
ity, the  tendency  to  chip  w  as  very  great.  The  discs  of  4% 
and  5%  absorption  wore  evenly,  while  those  of  1,  2  and 
3%  absorption  chipped  badly.  This  cannot  be  accounted 
for  as  in  the  case  of  shale  No.  3,  hoAvever,  where  the  glassy 
structure  was  much  in  evidence.  Before  rattling,  the  discs 
I'ad  apparently  a  good  structure.  Tlie  fineness  may  have 
luul  something  to  do  with  it,  and  flaws  might  have  been 
developed  in  the  drying.  This  clay  is  not  so  plastic  as 
No.  4,  and  i<'(|uired  longer  grinding  in  the  wet  pan  to  de- 
velop proper  bonding  power. 

As  before  stated,  tlM'  nuinlier  of  clays  tested  has  not 
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been  sufficient  to  make  any  important  conclusions,  or  ab- 
solutely establish  the  value  of  the  test.  It  is  planned  to 
extend  this  work  over  a  large  field  of  clays,  paying-  careful 
attention  to  the  size  of  grain,  the  flow  of  the  clay  through 
the  die  with  and  without  lubrication,  the  determination 
of  tlie  true  and  apparent  porosities,  and  tlie  burning  be- 
havior. 

Conclusion. 

From  the  work  done  so  far  it  appears  that  tliis  metho<l 
of  testing  produces  consistent  results  as  regards  the  deter- 
mination of  the  resistance  to  abrasion,  and  it  seems  to 
offer  a  satisfactory  laboratory  method  for  this  purpose. 
As  far  as  the  tests  have  gone  it  seems  to  sliow  a  certain 
relation  between  the  absorption-temperature,  and  the  ab- 
sorption-rattler loss  curves.  The  former  in  a  measure 
})rpdict  tlie  latter  for  the  same  class  of  clays,  i.  e.,  the 
greater  tlie  drop  in  absorption  per  temperature  interval 
the  greater  will  l)e  the  resulting  rattler  loss,  the  less  the 
toughness.  This  confirms  the  statement  of  Purdy  relating 
to  the  differentiation  between  shales  for  paving  brick  pur- 
poses. 

The  sizing  of  tlie  ground  material  seems  to  be  an  im- 
portant factor  in  as  much  as  coarser  grinding  retards  the 
vitrification  effect,  which  with  some  clays  is  beneficial, 
with  others  detrimental.  In  clay  No.  1  the  coarse  grinding 
\\SLS  carried  too  far. 

This  test,  like  the  standard  rattler  test,  brings  out 
clearly  the  effect  of  glassy  structure.  It  is  evident  that 
what  has  been  said  about  the  absorption  temperature  curve 
applies  only  to  shales.  ~\  No.  2  fire  clay,  even  though  its 
porosity-temperature  curve  is  very  similar  to  that  of  a 
shale,  does  not  for  this  reason  become  suitable  as  a  paving 
brick  material.  Tlie  No.  2  fire  clays  tested  are  not  suited 
for  this  purpose  owing  to  their  inherent  structure,  al- 
though no  test  has  been  made  of  the  completely  vitrified 
materials. 

The  thanks  of  the  writer  are  due  to  Prof.  A.  V.  Phnn- 
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iiiger,  under  whose  direction  this  A^ork  was  mapped  out 
and  executed. 

DISCUSSION. 

Mr.  Lovejoy:  HaA^e  you  sufficient  confidence  in  your 
test  to  warrant  putting  up  a  100,000  capacity  plant  on 
that  evidence  alone? 

Mr.  Brown :     No. 

Mr.  Faniham  :  Can  you  predict  the  rattler  strength 
of  a  brick  from  an  absorption  test?  Our  bricks  show  the 
best  rattler  test  when  the  absorption  is  1%.  Is  this  true 
of  clays  in  general? 

Mr.  Brotvn  :  All  clays  that  we  tested  went  to  pieces 
in  the  rattler  if  they  had  an  absorption  of  more  than  5%. 

Mr.  Purdji :  Not  all  clays  have  a  straight  line  curve 
for  absorption  and  rattler  loss.  Some  clays  attain  their 
maximum  rattler  strength  with  an  absorption  of  about 
5%.  Any  attempt  to  increase  their  vitrification  beyond 
this  would  decrease  their  rattler  strength.  "Such  clays  are, 
however,  an  exception  rather  than  the  rule. 


A  METHOD  OF  TESTING  SAGGER  MIXES. 

BY 

Harrison  Everett  Ashley,  Pittsburg,  Pa. 

This  investiaatioii  ^vas  begun  at  a  time  when  the 
saogers  at  the  pSttery  with  which  I  was  connected  were 
proving  unsatisfactory  in  two  common  respects;  they  were 
failin-  by  sagging  of  the  bottoms  and  by  cracking  of  the 
tops.     Separate  tests  were  dex  ised  for  each  of  these  condi- 

TTle  sagging  is  cause<T  by  the  weight  of  tlie  ware  in 
saooer  and'lie  weiglit  of  the  sagger  bottom  itself.  It  is 
resfsted  bv  the  refractory  character  of  the  material, 
and  bv  a  sort  of  drumhead  tension  whereby  the  walls  of 
the  saoo-er  restrain  the  circumference  of  the  bottom  from 
movinrinward.  A  logical  testing  method  should  show  the 
abilitf  of  the  material  to  carry  weiglit  without  excessive 

bending.  .       .  .,       v 

A  set  of  plaster  paris  moulds  were  made  ot  the  fli- 

mensions  shown  in  Fig.  1. 
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To  make  up  a  mix,  usually  500  graius  of  water  was 
put  into  a  test  l)luii2,ei%  then  500  grains  of  air-dry  clay 
crushed  to  about  6  mesh,  and  the  blunoing  continued  30 
minutes.  On  stopping  the  machine,  the  mixing  vessel 
was  removed,  500  grams  of  grog  (through  I4  inch  slot,  ou 
8  mesh  wire  screen)  added,  and  well  stirred  in  with  a 
wooden  paddle.  This  usually  gave  a  fairlj'  stiff  mortar, 
which  was  poured  and  paddled  out  into  the  mould.  This 
it  usually  filled  to  a  depth  of  about  1^4  inches,  that  is,  it 
stood  about  14  i^it-h  above  the  top  of  the  mould. 

In  half  an  hour  or  thereabout,  most  of  the  excess  of 
A\ater  had  soaked  into  the  mould,  and  with  a  well  soaked, 
square-headed  woollen  car])enter's  mallet,  tlu^  mix  was 
beaten  down  into  the  mould.  When  about  as  stiff  as  sag- 
ger mixes  are  usually  worked,  it  was  again  beaten  down. 
The  pieces  were  dried  at  50°  or  60°  Centigrade,  first  on  the 
moulds,  then  face  down  out  of  the  mould. 

The  pieces  were  fired  in  common  saggers,  three  to  a 
sagger,  in  the  forebung  of  a  bisque  kiln.  Cone  8,  9  or  10, 
usually  cone  9,  went  down  in  each  sagger  placed.  Each 
test  bar  rested  on  two  pieces  of  firebrick,  spaced  12  inches 
apart.  As  green  saggers  are  (^ommonly  fired  with  little  or 
no  load,  these  bars  were  unloaded.  When  taken  from  the 
kiln  the  defiection  was  measured  by  ])laciiig  a  millimeter 
scale  perpendicular  to  the  middle  of  the  bar,  and  sighting 
from  one  end  of  the  bar  to  the  other.  The  deflections  varied 
from  nothing  to  20  to  30  mm.,  at  whi<h  the  bars  touched 
the  bottom  of  the  sagger.  Taller  supports  were  used  in 
later  tests. 

If  the  first  burn  defiections  were  uot  excessive,  the 
bars  were  again  placed  with  12  inch  spaji ;  and  a  half 
firebrick,  weighing  about  1100  urams,  placed  on  the  mid- 
dle, which  gave  a  uniform  bending  moment  for  a  distance 
of  about  4  inches  in  the  middle  of  the  bar.  If  results  were 
sufficiently  promising  three  burns  were  made  w  ith  a  loaded 
bar.  '' 

To  test  resistance  to  sudden  heating  nnd  cooling, 
pieces  about  3  inches  by  (>  inches  in  size  were  broken  from 
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the  bars  after  the  beiidinji  test.  These  were  put  upon  a 
shovel  and  placed  in  the  front  of  the  fire  at  the  boiler  house. 
When  heated  to  redness,  they  were  drawn  out  and  dropped 
into  a  bucket  of  water.  The  heating  and  quenching  were 
repeated  until  the  pieces  cracked  across. 

The  grog  used,  except  in  special  cases,  was  made  from 
the  unsatisfactory  saggers  first  mentioned. 

The  clays  w^ere  various  clays  offered  for  sale  or  other- 
wise proposed  for  use  in  saggers.  Some  of  the  mixes  tried 
are  said  to  have  given  excellent  results  in  practice.  Others 
were  made  to  test  various  theories,  or  were  suggested  by 
the  earlier  results  of  the  investigation. 

A  number  of  clays  were  first  tested  alone,  as  follows : 

TEST  OF  SINGLE  CLAYS. 
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The  casting  addition  was  alkali.  It  enabled  pieces  to 
be  made  and  placed  that  otherwise  would  have  been  too 
weak  to  handle.  T  signifies  that  the  bars  touched  the 
bottom  of  the  sagger,  and  would  have  deflected  more  if 
permitted.  The  figures  in  parenthesis  under  "Deflections" 
give  the  total  deflections  in  2,  3,  or  4  burns.  INIeasurements 
separated  by  commas  are  duplicates.  The  per  cent,  water 
absorbed  was  determined  after  concluding  tlie  bending 
tests. 

The  surface  factor  is  a  number  assumed  to  be  propor- 
tional to  tlie  total  area  of  the  particles  in  unit  weight  of 
clay.  The  figure  for  regular  colloids  assumes  to  give'the 
relative  amounts  of  colloid  matter  in  the  different  clays, 
as  determined  by  the  malachite  green  test.^ 

None  of  these  clays,  except  when  cast,  was  able  to 
carry  much  weight  in  its  first  burn.  To  withstand  quench- 
ing well.  Fig.  2  shows  in  a  general  way  that  a  single  clay 
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should  have  above  50  relative  colloids  and  below  175  sur- 
face factor.  The  Knowles'  12  bar  was  full  of  fine  shrink- 
age cracks,  which  accounts  for  the  low  overall  shrinkage 
reported  above. 

TESTS  OF  MIXES  CONTAINING  SAND. 

As  sandy  clays  are  present  in  some  of  the  best  sagger 
mixes,  the  effect  of  various  sizes  of  sand  was  tried  in  the 
following  mixes.  The  Wedron,  Til.,  sand  used  is  round 
grained,  and  practically  of  the  same  nature  as  the  well- 
known  Ottawa,  TIL,  sand. 
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The  unclassified  fine  sand  of  aw  and  wholly  unclassi- 
fied sand  of  az  show  the  best  results  on  the  bending  test; 
while  the  coarse  sand  of  ay  shows  the  best  result  iu  the 
quenching  test. 

TESTS  OF  MIXES  CONTAINING  BITSTONE  OR 
CRUSHED  EARTHENWARE. 

As  a  limiting  case  of  quartz  sand,  No.  6  bitstone  was 
used  for  grog.  It  was  a  disappointment.  The  fired  clay 
seemed  to  l>e  wholly  without  adhesion  to  the  quartz,  and 
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some  of  the  test  bars  could  be  crumbled  bv  pressure  of  the 
bare  fingers. 

The  weakness  of  the  bars  with  the  larg^er  grains  of 
Wedron  sand  is  evidently  from  the  same  cause,  lack  of 
adhesion  to  quartz.  The  sharj)ness  of  the  bitstone  grains 
has  <*ff(n-ted  no  improvement  over  the  roundness  of  the 
sand  grains.  Quartz,  while  undoubtedly  desirable  in  a 
mix,  must  then  be  of  grains  under  10  iiiesli,  and  preferably 
of  all  sizes,  down  to  something  very  fine,  mixed. 

TESTS  WITH  BITSTONE  AND  GROUND  WARE. 


No 

Clays 

Special 

6 

i 

Deflections  in  mm. 

be 

C 
3 

a 

.S  "o 

Uo 

(4  U 
C    ^ 

1 

2 

8 

4 

bk 

1 25  Ryau  No.  1 

250  J.  P.  C.  Co.  No. 

10  R  M. 

125  P.  S.  Co.  Wad  ... 

200  Rj-au  No.  1 

2<iO  Sant  Special 

150  P.  S.  Co.  Wad 

Same    

Same    

Same    

100  Bit  stone 

460  Gronnd- 

ware 
450  Bitstone 
225  Bitstone 
225  G'dw're 
100  Bitstone 

400 
350 

500 

500 

GOO 
500 
500 

22 

32 

20 

*42 

broke 

T 

crack'd 
(53) 

21 

broke 
broke 

152 

123 
123 
123 
123 

62 

18  0 

4  ?. 

bi 

bf 
cc 

3 
3 

66 
6b 
66 

13.9 
12.9 
13  1 

3.8 
5.5 
4  '> 

66 

18.0 

3  9 

*Thiri  attempt.     The  first  two  bars  made  broke  in  handling  before  plating  in  kill 


Crushed  white  earthen wai-e  proved  ije^irly  as  unsatis- 
factory as  bitstone.  and  for  tlie  same  i(^ason  :  lack  of  ad- 
hesion to  the  clay. 

Ordinary  gi"Og,  from  crushed  saggers,  unlike  quartz 
and  white  earthenware,  seems  to  bond  perfectly,  and  to 
be  indistiniiuishable  from  the  new  clav. 
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TESTS  OF  MIXES   CONTAINING  FIRECLAY. 


DeH.rctions  in  mm. 


Sprcial 


2     i  3 


-  s 


300  JohnsoQ -Porter  No 

10  R.  M. 
•_00PdulOlay€o. 

ground     


150  Rvau  No.  1 
300  Paul  C.  Co.   ground 
100   Potter's   Sup.    Co. 
Wad 


500 


500 


200  Ryau  No.  1 
3-J5  Paul  C.  Co.  ground 
75  Such  BB  mixt  ... 


w    250  Jolmson-Porter  C. 
Co.  No.  in  R.  M 
300  Paul  i?rouu<l 
100  Such  BB  mixt  .  .  . 


au 
u 


ab 


Same  as   •  w 


250  Johnson- Porter  C. 

Co.  No.  10  R.  M 
850  Paul   ground 


200  Excelsior 

ioO  Paul  ground 

100  Pot.  Sup.  Co.  Wad 

200  Excelsior  Clav  Co. 
300  Paul  ground  ". .  . . 


casting 
addition 


450  400 


al 


200  Sant  Special  Sagg'r 
100  Paul  ground 


20n  J.-P.  C.  Co.  No.  10 

R.  M 
250  Paul  C.  Co.  ground 
50  Pot.  Sup.  Co.  Wad 

300  J.-P.  C   Co.  UX 
300  Paul  C.Co.  ground 

200  J  -P.  C.  Co.    UX 
400  Paul  C.Co    ground 

200  8ant  Special 

30  (Paul  C.Co.   groundl 


4C& 

350 
350 

400 

450 
500 

400 

1500 
400 
i4f^0 


500 


500 
350 

500 


T  21 

29 
T  15 

T  19 

15  5 

T  25 


500 
500 

500 

500 
500 

500 


:50(ii500 


T  23 
T  23 
T  19 

T  22 

T  19 

T  32 

36 


(46^ 

31 


(29) 
10 

(58) 

12  5 


(34) 

5 

(32) 
4 


broke 


(38) 

4 


13 


136 


9:101 


8  105 


6,3 
4 


129 
129 

118 

122 
116 

90 

122 
133 
114 

92 


59 


48 


66 


17-9 


4.1 


16. f  2.0 


16.4 


14.8 
14.0 


64  16.1 


16  4 
17.2 
16.0 

18.0 
16.7 
15.3 
17.3 


3  6 

5.5 
7.9 

3.2 

2.8 
2.6 

2.4 

3.0 
3.7 
3  2 

2.0 
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All  of  these  mixes  showed  excessive  deflection  in  the 
first  burn,  mostly  touching  the  sagger  bottom  (T).  Sev- 
eral showed  good  quenching  tests,  (in  4  of  6  cases  due  to 
use  of  sandy  clay).  The  mixes,  as  shoT\n  by  water  absorbed, 
were  fairly  refractory.  The  colloid  content  wa**  in  no  case 
high. 

The  mixes  containing  No.  2  fire  clay  were  decidedly 
inferior.  I  am  not  sure  why.  ]Mix  x  had  given  excellent 
results  when  making  saggers  on  tlie  Polk  machine;  but  is 
apparently  unsuited  for  hand  made  saggers. 

REMAINING  TESTS. 

Those  mixes  not  included  in  the  preceding  groups  were 
tested  as  follows: 


Clays 

£ 

u 

500 
500 

400 

4(10 

450 

500 

1 

500 
500 

500 

500 

500 

50(1 

DeSecUous  in  mm. 

C 

o 

go 

-o 
o 

us 

«  -a 

^^ 

S  2 

a  < 

c 

20.8 
21.3 

19.9 

18.4 

20.1 

-.'0.2 

'^3 

No 

1 

2 

3 

4 

C  3 

P 

325  Sant  Special 

175  Hall  Clay  Co.  Georgia. . . . 

Repeated 

1 25  Ryan  No    1 

1 50  Sant  Special 

325  Duncau  Soft  Wliite 

1 50  Ryan  No.  1 

200  Sant  Special 

250  JohnsoQ  P.  C.  Co  Wad. 

200  Prall  Liglit  Sagger 

200  Sant  Special 

150  P.  Co.  Wad     

325  Johnson -Porter  C  Co.  No. 

lOR.  M. 
175  Hall  C.  Co.  Georgia  Sagger 

* 

33 
12 
16 
20 
23 

17 
18 

17+ 

17 
16 
15 

136 
136 

132 

111 

188 

176 

65 
65 

48 

57 

74 

56 

9,  8 

P 

2  8 

br 

broke 

(23) 

7 

(29) 

9 

(33) 

10 

4.6 

bl 
bs 
be 

(42) 

19 

(39) 

10 

(40) 

7 

(43) 

3 

3.7 
4.3 
4.9 

*    Br  k-n  ac  i.lciitally 
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ap 

q 


ag 


at 


150  Ryan  No.  1  Sagger 

250  P''tt'rs  Sup  C"o.No.4  Sagger 

l(JO  Sach  B.  B.  Mixture koo 


500 


166  Ryan  No.  1  , 

78  Edgar  Bros.  Co.  No.  8  i 

78  Edgar  Bros.  Co.  No.  16 

114  Sant  Special  Sagger 

143  Such  BB  mixtuif 


t 


465 


av 

aj 


200  Ryan  No.  1 
80  Johnson- Porter  C.  Co.  No.l 

2'6  Cream  ! 

120  Johnson- Porter  C.  Co.  No. 

23  Gray 
100  Potter's  Sup.Co.Wad  Clay  599 

325  Johnson-Porter  C.  Co.  No.  1 

10  R.  M. 
175  Hall  C.  Co.  Georgia 
Casting  Addition jgQQ 


T  25 


600      22 


500 


T  19 


250      19 


125  Ryan  No.  1  Sagger 

250  Pot.  Sup.  Co.  No.  4  Sagger 

125  Pot.  Sup.  Co.  Wad  Clay.    !500J500iT 

Repeated igOQ 


1 
bh 


200  Ryan  No.  1 

200  Sant  Special 

150  Patter's  Sup.  Co.  Wad.  . 

Fragments  of  Saggers  proba- 
bly made  from  "  q  ' ' .    .  . 


400  Ryan  No.  1 
100  P   S.  Co.  Wad. 


125  Ryan  No.  1 

250  Sant  Special 

125  Potters  Supply  Co.   Wad     600  500, 

150  Ryan  No.  1 

260  Excelsor  Clav  Co.  Sagger 

100  Potter's  Sup.'Co.  Wad.  .      500  600 


450 


500 


500 


500 


(28) 


(26) 
7 


broke 
broke 


(26) 

15     11 


500 


(68) 

20    48 


(30) 

16i      14 


^  o    broke 


'    From  aD  actual  sagecr  mix  after  f  ugti'  r. 


(36) 


(29) 

3 


(29) 

3 


(33) 

3 


(33) 

4 


15 
3,  12 

13 

2,  11 
10 


(35) 

6 


161 


72 


152'  75 


19.74.3 


18.15.4 


148 


50 


18.212. 9 


176'  56  16.84.9 


129 


61 


18.6  4  6 


3,  9 


3,  9,  6, 
8,  3, 


123  66  16.3  4.6 


(37) 
4  ' 


127 


68 


17.24.7 
8,6  121  68,18.63.7 


8  150'  66 


17.74.3 
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bn    150  Ryan  No.  1 

2(  0  Sant  Special 
250  Sant  Wad 


bm  160  Rvan  No. 
200  Sant  Special 
250  Potter's  Supply  Oo.  Wad. 

ah    1-iO  Ryan  No    1 

140  Edgar  Sand  10 

115  Sant  Special 

140  Such  B  B  Mixture 


o     '250  Sant  No   9 

150  Hall  Georiga  Sagger 
,100  Potter's  Sup.  Co.  Wad  ., 


o 
af 


Repeat . 


400 
400 

465 

•50< 
500 


as 
bp 


3(0  Ryan 

200  Potter's  Sup.  Oo.  Wad.  .  .  . 

175  Ryan  No.  1  ) 

88  Edgar  No.  8  \t 

88  Edgar  No.  10  J 

144  Johnson  Porter  C.  Oo. 
No.  23  Mixt 

175  Excelsor  B.  O.  Oo  Sagger  . 

Tlie  same,  with  casting  addition 

150  Ryan  No.  1 

200  Sant  Special 

260  Duncan  Soft  White    


Deflections  in  mm. 


500 


500 
500 

500 

500 
500 

40(1 


l>q  1 125  Ryan  No.  1 
1 150  Sant  Special 
.825  Johnson- Porter  0  Oo.Wad 


cb 


176  Ryan  No.  I 

175  Hall  Georgia  Sagger 

175  Sant  Special  Sagger  . 


mo 

330 
400 
400 
475 


19 


15 


26 


T  20 


16 


500 
350 

500 
500 
500 


(25) 

4 


(29) 

14 


(42) 
16 


8.5 


(28) 

5 


(ii) 
5 


3.5 


(18) 

1 
(20) 

4 


(20) 

10 


(25) 

0 

(22) 


(55) 
36 


(24)      (29) 

9        6 


(J0)|     (41) 

6  1    11 


7,2 


(23) 
1 


125 


126 


142 


166 


1 19 


2,  4 

3,4 

2,  4 

3,  3 
3,3 


fiS 


57 


59 


71 


28 


57 


158 
158 

129 


62 


56 


19.7 


19.6 


11  0 


18.4 


3.2 


3  3 


5.4 


3.2 


14.9 
14.1 


7.5 
6.3 


109    £0 


18  8 


13i^'63     20.8 


4  5 


3.7 


t   From  an  actjal  saejer  mix  after  puggins. 
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'2h: 


bg 


bo 


bd 


400  Exc  elsior  Ball  Clay  Co. 

SaRK^r 
100  Potter's  Slip.  Co.  Wad. 

•JOOSant  No.9  Ball 

2(10  Sant  Special  Sagger 

lOO  Potter's  Sup.  Co.  Wad. 

125  Rvan  No.  1 

•250  J.' P.  C.  No    10  R.  M. 

125  P.  S.  Co.  Wad 


ba 


Clays 


125  Ryan  No.  1 

150  Sant  Special 

825  Potter's  Sup.  Co.  Wad.  .  .  . 

175  Ryan  No.  1 

175  Johnson- Porter  No  lOR.M. 

175  Hall  Clay  Co.   Georgia.    .  . 

150  KnowlesNo   12   Ball 

250  Poole  B  B  China 

100  Potter's  Sup  Co.  Wad. .  .  . 

350  Potter's  Sup.  Co.  No.  4 
150  Such  BB   Mixt. 


325  Sant  No.  0  Ball 

175  Hall  Clay  Co.  Georgia  ... 

400  Johnson-Porter  C.  Co. 

U.  X. 
100  Potter's  Supply  Co.    Wad . 

200  Sant  No.  '.»  Ball 

800  Hall  0.  Co.  Georgia  No.  2 

350  Johnson-Porter  C.  Co. 

No.  1  Hall 
150  Snch  BB.  Mixt 


150  Knov  les  No.  12  Ball 
350  Poole  BB.  China .  .  .    . 


200  Ryan  No.  1  Sagger 
800  Hall  Clay  Co.  Georgia. 


500 

500 

500 

400 

476 

600 
5O0 
500 

500 
50( 

500 
500 
500 


Deflectio»s  in  mm. 


600 T  17 


500   20 


500   20 


500   18 


500 

5O0 
500 


(35) 
18 


(40) 

20 


(4o: 
20 


28  brcke 


T  25 
T  27 


500|T  20 

I 
5C0'  i 

500 !  i 

5001  i 

i 

500 '  t 
400i  t 


"  o|  a.   I  £ 


164 
149 
152 
126 
160 

177 
176 
187 

176 

184 

182 
190 

157 


66 
61 
62 
51 
61 

45 
69 

29 

34 

28 

39 
45 


17.8 


18.3 


6.8 


3.6 


18.3^3.7 


19  23.2 


20.6 


20  0 


4.2 


2,8 


20.63.9 
I7.T5.3 


22.0 


2  5 


'VVhilr  briog  binllcil  with  ordinary  care  before  second  burn,     t  Too  weak  to  handle  raw. 
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The  queuching  tests  of  the  last  table  have  been  as- 
sembled in  the  following  tables : 

SUMMARY  OF  QUENCHING  TESTS 


Surface  Factor 

Stand  less  than 
5  Quenchings. 
or  not  tested  * 

Surface  Factor 

S.S 

O  'o 

■a  g 

2  a 

Stand  less  than 
5  Quenehinsa 
or  not  tested  * 

Above  100  to  110... 
Above  110  to  120... 
Above  120  to  130... 
Above  130  to  140... 
Above  140  to  150.. . 

0 
1 
6 
3 
3 

1 

0 
3 
1 
1 

Above  150  to  160. .. 
Above  160  to  170.  .  . 
Above  170  to  180.. . 
Above  180  to  190.  . . 

1 

1 
1 
0 

4 
2 
3 
4 

Relative  Colloids 


Above  20  to  30. 
Above  30  to  40. 
Above  40  to  50. 
Above  50  to  60. 
Above  60  to  70. 
Above  70  to  80. 


(5  of  these  have  sur,  factor  above  150) 


*  Because   of   excessive   deflection    in    the    first    burn,    the    quenching    test 
was  omitted  in  numerous  cases. 

From  this  tabulation,  is  appears  that  the  clay  mixture 
of  a  good  sagger  mix  should  have  a  surface  factor  below 
150,  and  relative  colloids  nbove  50,  or  preferably  above  60. 

The  clays  were  more  homogeneously  mixed  in  my 
tests  than  when  they  leave  a  puo-  mill. 

QUENCHING  TESTS  ON  SAGGERS. 

Fragments  of  actual  saggers  have  been  tested  by  the 
quenching  test  as  follows : 


Failed  at 

Resembles  most  Closely 

Which  fiiled  at 

ar  * 
q  * 
av 

2.  4 

3, 

9,  6,  8,  av. 
6,  6,     ,  av 

6 

3,  12 
10 

*  From  an  actual  sagger  mix  after  pugging. 
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CLASSIFICATION  OF   CLAYS. 

The  clays  mentioned  in  this  paper  may  be  classified 
very  roughly  as  follows : 

Sandy. 

Potters"  Supply  Co.,  Mud. 
Johnson-Porter  Clay  Co.,  Wad. 
P.  F.  Duncan,  soft  white. 
J.  R.  Such,  B.  B.  mixture. 

Tough  Vitrifying. 

P.  L.  Ryan  No.  1  Sagger. 

Jas.  P.  Thrall  No.  1  Light  Sagger. 

Geo.  Knowles  &  Sons  No.  12"English  Ball. 

Weaker  Vitrifying. 

Edgar  Bros.  Co.  No.  S  and  10  Sagger. 
Sant  No.  9  Ball. 

Intermediate  Clays. 

Potters'  Supply  Co.  No.  4  Sagger. 
Excelsior  Ball  Clay  Co.  Sagger. 

Weaker  Intermediate  Clays. 

Paul  Clay  Co.,  Ground  Sagger. 
Johnson-Porter  Clay  Co.,  No.  1  Ball. 
Jolmson-Porter  Clay  Co.,  T"^X   Sagger. 
Johnson-Porter  Clay  Co.,  No.  23  Sagger. 

Tough  Rather  Refractory  Clays. 

Sant  Special  Sagger. 

Johnson-Porter  Clay  Co.  No.  10  Run  of  Mine. 

Kaolins. 

Hall  Clay  Co.  Georgia  Sagger. 
J.  Poole  B.  B.  English  China. 


•2W  METHOD  OF   TESTING   SAGGER   MIXES. 

CranuM''  worked  out  a  similar  testing  method  to  this, 
using  bars  of  clay  or  mixture  25  cm.  long,  2  cm.  wide,  and 
1  cm.  deep.  All  the  burns  except  the  last  were  made  with 
the  bars  lying  upon  a  flat  plate.  In  the  la.st  burn  the  bars 
rested  on  sharp  edges  23  cm.  apart.  Thus  to  get  the  effect 
of  five  burns,  five  duplicate  bars  would  be  made,  of  which 
one  onlv  rested  on  the  end  supports  in  any  burn. 

He  found  quite  different  results  with  different  cases. 
Some  clays  became  less  inclined  to  bend  after  repeated 
firings,  some  became  more  inclined  to  bend.  There  was  no 
relation  between  the  cones  at  which  the  clays  became  tight 
and  the  tendency  to  bend.  Clays  of  low  vitrification  point 
often  showed  no  more  tendency  to  bend  than  those  of  high 
vitrification  points. 

Stormer-  has  made  tests  tliat  show  when  tlie  amount 
of  grog  in  the  mixture  is  varied  from  50  to  90  per  cent,  of 
the  total,  that  the  tensile  and  compressive  strength  of  the 
raw  and  fired  mixtures  are  nearly  the  same  with  50  or  60 
per  cent,  grog,  they  decrease  Imt  little  Avith  70  per  cent, 
grog,  and  show  a  decided  drop  usually  with  00  per  cent, 
grog. 

The  best  sagger  mix  should  contain  as  much  and  as 
coarse  grog  as  is  practicable  to  work.  A  certain  proportion 
of  sandy  clay  with  not  coarser  than  10  mesh  grains  seems 
to  add  greatly  to  the  ability  to  withstand  sudden  changes 
of  temperature;  though  a  highly  kaolinitic  mix  may  be 
equally  good  at  the  beginning,  and  is  possibly  more  endur- 
ing,  (according  to  Dr.  !Mellor). 

Coarse  quartz  and  ground  ware,  of  low  absorption, 
fail  to  bond  properly  with  the  clays. 

A  water  absorption  of  1(>  to  20  7>er  cent,  is  shown  by 
good  mixes.  The  toughest  clays  available  should  be  used 
for  most  of  the  mix.  The  relative  colloids  should  exceed 
50  or  00,  and  the  Jackson-Purdy  surface  factor  should  not 

'  Handljuch  (lev  sesammten  Thonwaarenindustrie  von  Bruno  Keii.  Dritte 
Auflage.  Tonindustrie-Zeitung-  (1901).  p.  706;  (1902)  p.  300  and  p.  1065;  M901) 
p.   162S  and  lt;99. 

-  Tonindustrie-Zeitung  33,    1524-1528    (1909). 
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be  greater  than  150,  wbeu  the  overflow  of  the  elntriatino- 
apparatus  carries  all  clay  of  less  than  0.01  iiiin.  diameter. 

I  am  indebted  to  Mr.  Joshua  Poole,  manajier,  who  took 
a  lively  interest  in  these  tests;  and  also  to  many  workmen, 
especially  Messrs.  Jackson  and  Stanley,  Itoiler  firemen,  who 
participated  in  the  quenching-  tests. 

DISCUSSION. 

Mr.  Hiinis:  Mr.  Asliley  has  iiiviMi  ns  a  i>;t]K'V  oti  Tests  of 
sagger  mixtures,  and  his  main  point,  you  will  remember, 
was  keeping  the  grog  for  the  most  part  constant  in  testing 
the  different  clays.  He  also  examined  these  clays  from 
the  point  of  view  of  the  surface  factor  and  of  the  colloidal 
content,  and  he  came  to  certain  conclusions  that  for  the 
most  part  the  clay  Avhich  liad  the  coarsest  grain  in  the 
clay  itself  and  the  highest  colloid  content  was  the  most 
satisfactory  sagger  clay.  In  other  words,  that  a  coarse- 
grained plastic  clay  was  the  clay  needed,  and  you  wiU 
recall  what  he  said  about  it.  Let  us  have  a  discussion  on 
this.  Sagger  making  is  a  vital  point  in  a  great  nmny 
branches  of  our  industry.  There  is  more  money  thrown 
on  the  dump  in  saggers  than  almost  anything  else. 

Mr.  ^imcoe:  I  would  like  to  ask  Mr.  Ashley  why  he 
makes  this  quenching  test?  What  relation  has  it  to  the 
actual  condition  to  which  we  subject  the  sagger? 

Mr.  Ashley:  The  quenching  test  is  intended  to  repre- 
sent in  a  fashion  the  sudden  heating  and  cooling  to  which 
saggers  are  subject  when  tlie  firing  is  started  in  the  kiln 
or  the  doors  are  pulled  down,  or  corresponding  to  the 
baiting  of  the  fires.  We  feel  quite  sure  that  one  of  the 
causes  of  losses  of  saggers  is  the  sudden  rushing  of  cold 
air  against  them:  and  this  heating  and  cooling  gives  them 
strains  of  similar  nature  that  wouhl  tend  to  break  them 
up. 

Mr.  Simcoe:  You  plunge  them  into  water,  do  you 
not? 
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Mr.  Ashley:  Yes,  that  is  merely  a  way  of  hurrying 
things  up. 

Mr.  Simcoe :  Why  didn't  you  put  weioiit  on  your 
trials,  subjecting-  them  to  this  condition  also? 

Mr.  Ashley:  In  the  first  burn  the  bars  were  fired 
Avithout  any  A\eight,  but  in  the  second  and  subsequent 
burns  the  weight,  consisting  of  a  half  brick,  say  about  1100 
grams,  was  placed  at  the  middle  of  the  bar,  so  that  they 
were  loaded  in  all  the  burns  subsequent  to  the  first  burn. 

3Ir.  Binns :  I  would  like  to  ask  Mr.  Ashley  in  that 
connection  whether  he  considers  that  quenching  test,  with 
a  subsequent  heating  of  the  piece  still  wet,  is  analogous 
to  the  strains  the  saggers  would  undergo  in  use? 

Mr.  Ashley:  I  think  they  are.  It  is  a  harsher  treat- 
ment, but  of  a  similar  nature  to  what  they  would  receive 
in  use.  It  is  a  severer  treatment  and  brings  more  quickly 
the  disruption  of  the  clay. 

}fr.  l>iinis:  That  is  probably  true.  But  is  the  behav- 
ior analogous,  in  other  words,  is  the  severer  treatment 
the  best  way  to  test  the  clay?  Would  it  not  be  possible 
that  a  clay  might  resist  a  fair  strain  for  a  long  time  and 
yet  go  down  under  an  unfair  strain,  whereas  a  clay  might 
equally  resist  the  unfair  strain  but  not  uiiequnlly  resist 
the  fair  strain?  I  have  no  experience  along  that  exact 
line,  but  I  want  to  know  what  Mr.  Ashley's  view  is  of  the 
value  of  that  test,  whether  it  is  really  analogous  to  an  or- 
dinary usage  test?  Has  any  fact  been  brought  to  light 
that  can  help  you  in  the  comparison? 

Mr.  Ashley :  I  might  say  that  the  mix  that  was  being 
used  before  the  tests  were  started  gave  a  very  unsatisfac- 
tory result  in  these  tests,  and  the  mix  which  was  adopted, 
a  mix  which  gave  a  very  fair  showing  in  these  tests,  has 
since  been  used  with  very  satisfactory  resuts  in  the  life 
of  the  sagger  in  the  pottery.  So  that  it  proved  a  step  in 
the  direction  of  satisfactory  sagger  mixtures. 

Mr.  Binns:  That  is  what  I  wanted  to  i^et  at.  In  all 
test  work  we  vrant   something  that  will  give  us  results 
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which  are  comparable  to  those  of  practice.  Some  of  you 
must  have  views  on  tlie  selection  of  clay  for  sa£»ger  pur- 
poses. What  guides  you,  gentlemen,  in  the  selection  of  a 
sagger  clay?  Why  do  you  use  a  particular  clay  in  prefer- 
ence to  another? 


SOME    GLOST    LOSSES    IN    THE    EARTHENWARE 
INDUSTRY  AND  THEIR  CORRECTION. 

BY 

Arthur  E.  Mayer,  Beaver  Falls,  Pa. 

The  losses  occurring  in  this  indnstrv  may  be  divided 
into  three  stages,  as  follows : 

1.  The  loss  ill   tlie  p-cen  statr, 

2.  The  loss  in  the  biscuit  state, 

3.  The  loss  in  the  glost  state. 

The  last  Ave  will  consider  as  embracing  the  time  be- 
tween leaving  tlie  glost  kiln  and  the  packing  of  the  finished 
product. 

In  the  green  state  the  finished  ware  is  carried  into 
the  green  room,  and  the  potter  is  paid  for  his  ware  upon 
its  safe  deliverv  there.  The  kilnmen  then  carry  the  ware 
to  the  biscuit  kilns  where  it  is  placed  in  saggers,  and 
practically  all  loss  in  the  green  vstate  is  due  to  them.  A 
certain  amount  of  this  loss,  however,  is  excusable  on  ac- 
count of  the  fragility  of  the  Avare,  but  it  should  not  exceed 
.5%  of  the  total  amount  handled  by  them. 

In  the  biscuit  state  tlie  loss  is  due  mostly  to  one  of 
three  causes: 

1.  Poor  potting, 

2.  Poor  firing, 

3.  Careless  handling  m  drawing  and  brushing. 
With  careful  attention,  the  average  biscuit  loss  should 

not  run  over  4  to  4.5%,  while  it  may  run  up  to  7  or  S% 
without  assuming  alarming  proportions.  In  practice,  the 
average  day's  loss  may  run  as  low  as  2.5%  and  as  high  as 
10%,  but  generally,  in  the  latter  case,  AA'ith  the  indication 
that  some  class  of  ware  was  running  particularly  bad. 

294 
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The  glost  loss  is  due  to  many  causes  which  will  uot  be 
enumerated  here,  but  later  explained  with  a  method  of 
their  correction. 

In  the  lilost  ware  we  have  tliree  grades: 

1.  Run  of  kiln, 

2.  Thirds, 

3.  Lump. 

Run  of  Kiln  is  the  best  ware,  which  must  come  up  to 
a  hi<»h  standard,  and  it  usually  sells  for  about  60-aiid-10'/c' 
off  tlio  standard  list. 

Thirds  compose  the  ware  that  is  not  (juite  good 
enough  for  Run  of  Kiln  and  have  such  defects  as  small 
biscuit  and  glost  nips,  clay  cracks,  etc.  These  usually  sell 
for  70-aii(l-57r    off  tiie  list 

Lump  is  composed  of  the  rest  of  the  ware  that  is 
broken,  cracked  and  very  badly  nipped.  This  sells  usually 
at  something  less  than  90%  off  from  the  list.  From  the 
rapid  rate  at  \\hi(li  the  price  of  ware  diminishes,  it  be- 
hooves the  management  to  turn  out  as  much  Run  of  Kiln 
ware  as  possible.  With  careful  attention  and  very  favor- 
able conditions,  the  ware  should  run  from  the  average 
glost  kiln  about  90%  R.  K,  9y^%  Thirds  and  %%  Lump. 
The  loss  should  not  be  considered  as  reaching  alarming 
proportions  until  it  is  more  than  14%  Thirds  and  1% 
]jump. 

For  the  sake  of  convenience,  the  cause  of  loss  has 
been  divided  into  several  sections,  so  that  it  may  be  more 
systematically  studied  and  the  responsibility  be  placed 
with  the  proper  person  or  department. 

LOSSES  IN  THE  GREEN  STATE. 

Let  us  consider  losses  caused  by  some  fault  of  the 
body,  and  under  this  head  one  of  the  most  important  causes 
is  "dunting." 

Dunting"  is  due  partially  to  the  body  containing  too 
much  non-plastic  materials,  or  the  rapid  cooling  of  the 
glost  kiln,  or  perhaps  more  correctly  stated  the  combined 
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action  of  these  two.  It  has  at  first  the  appearance  of  a 
crack,  but  if  more  carefully  examined  it  will  be  found  to 
have  comparatively  smooth  sides,  and  the  line  of  division 
usually  describing  the  form  of  an  oval  or  spiral.  It  has 
been  suggested  that  the  smoother  the  sides  of  the  division, 
the  greater  the  temperature  at  which  it  occurred ;  and  this 
seems  quite  a  logical  circumstance  for,  when  a  piece  of 
ware  approaches  a  semi-viscous  condition  and  is  opened 
up,  it  would  be  smoother  than  when  torn  apart  at  a  lower 
temperature,  at  which  time  it  would  have  more  of  a  granu- 
lar structure. 

The  cu?^e  for  dunting,  if  it  occurs  in  alarming  quanti- 
ties should  mean  a  re-construction  of  the  body  by  replacing 
some  of  the  non-plastic  materials  for  plastic  ones,  such  as 
plastic  clay,  and  thus  giving  the  resulting  composition  of 
the  bod}^  a  greater  tenacity.  The  kiln  sliould  be  also 
cooled  more  evenly,  thus  eliminating  the  damaging  uneven 
strains.  It  is  usual  that  only  the  heavy  class  of  ware 
dunts,  sucli  as  dishes,  basins  and  large  bakers,  as  well  as 
nearl}^  all  sizes  of  heav^^  hotel  ware. 

It  is  quite  often  the  case  that  slower  cooling  alone 
will  prove  a  remedy  for  this  defect,  and  should  be  first 
tried  before  re-constructing  the  body. 

Crooked  Ware  in  the  glost  state  often  results  from  the 
body,  and  when  it  comes  from  this  cause  it  is  often  due  to 
the  excessive  use  of  some  one  or  more  of  the  softer  fluxes 
such  as  magnesia,  lime  or  soda.  When  this  is  the  case,  they 
should  be  reduced  in  quantity  and  the  necessary  vitrifica- 
tion obtained  by  means  of  one  of  the  milder  fluxes  such 
as  potash  introduced  by  means  of  good  orthoclase  feldspar. 

Sometimes  it  happens  that  ware  is  pinned  too  close  to 
the  edge,  either  purposely  or  because  the  pins  are  not  the 
correct  length.  This  should  be  carefully  watched  and 
placed  properly.  For  such  ware  as  plate,  V2  ^o  ^  inch 
from  the  edge  is  a  proper  position,  and  for  Avare  like  large 
bakers,  %  to  1  inch.     The  heavier  the  piece  of  ware,  the 
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farther  from  the  edge  it  should  be  pinned  on  account  of  the 
excessive  strain  caused  by  its  weight. 

Sometimes  the  h>ss  may  occur  from  the  fault  of  the 
fireman  when  he  lets  one-quarter  of  his  kiln  get  away,  and 
the  excessive  heat  causes  the  plate  to  sag,  or  go  out  of 
shape.  A  sudden  heat  caused  by  shutting  the  doors  up  too 
(|uickly  after  a  baiting  will  also  do  much  damage  in  this 
same  way. 

Dipping".  Some  of  the  losses  that  occur  when  the 
glaze  is  not  in  good  condition  on  a  piece  of  finished  ware 
are  due  to  the  fault  of  the  dipper,  and  some  are  not  under 
his  control.  He  should  see  that  the  glaze  is  as  even  as 
possible,  no  unpenciled  fingei'  marks  left  and  not  too  heavy 
or  light  a  coat. 

The  weight  of  the  coat  of  glaze  is  dependent  on  three 
things : 

The  porosity  of  the  ware, 
The  length  of  time  immersed,  and 
The  specific    gravity,    or   dipping    Aveight    of   the 
glaze. 

It  is  only  by  the  proper  adjustment  of  these  three 
factors  that  the  correct  dip  can  be  obtained.  It  is  not 
always  the  fault  of  the  dipper  when  the  ware  does  not 
come  out  evenly  dipped,  and  a  good  example  of  this  is 
found  in  such  articles  as  oyster  bowls,  which  are  ring  ware 
and  i)laced  above  the  bags  in  the  kiln.  In  bringing  the 
biscuit  kiln  up  to  the  i^roper  temperature,  the  fireman  has 
perhaps  closed  the  door  too  soon  after  a  baiting,  or  in 
some  manner  flashed  the  Avare  around  the  bags,  causing  the 
near  side  of  the  piece  of  ware  to  be  so  hard  it  will  scarcely 
absorb  any  water  at  all,  while  the  other  side  is  softer  and 
perhaps  in  good  condition.  Since  the  porosity  is  a  great 
factor  in  a  coat  of  glaze,  it  will  be  readily  seen  that  the 
two  sides  cannot  be  given  an  equal  coat. 

Ropey  glaze  is  another  difficulty  that  is  out  of  the 
power  of  the  dipper  to  remedy  without  resorting  to  chemi- 
cal means.     A  ropey  glaze  is  one  which,  after  immersion 
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and  ujjou  being  shaken,  will  not  throw  the  excess  glaze  off 
the  rim  of  the  ware,  but  collects  in  a  pool  on  the  edge. 
Upon  being  fired,  the  edge  is  heavily  dipped  and  often 
runs.  This  can  be  remedied  by  adding  sulphate  of  mag- 
nesia in  quantities  of  .4  to  .S-/r,  depending  upon  the  amount 
of  free  akaline  salts  present  in  the  glaze. 

LOSSES  IN  THE  BISCUIT  STATE. 

Biscuit  ware-house  losses  Axhich  make  themselves  ap- 
parent in  the  glost  are  numerous.  In  tliis  department,  all 
losses  due  to  causes  in  the  former  part  of  the  process 
should  be  detected  while  brushing,  and  should  they  fail  to 
do  this  they  are  not  properly  performing  their  duty,  and 
as  a  result  allow  their  losses  to  increase  the  glost  loss. 
AVare  is  often  hurriedly  or  carelessly  brushed,  and  when 
it  is  sent  to  the  dipper  it  often  contains  dirt  and  sand.  Part 
of  this  sand  sticks  to  the  ware  and  the  rest  is  washed  off 
by  the  glaze,  Avliich  sticks  to  the  next  piece  of  ware  dipped, 
and  as  a  result  a  little  carelessness  will  cause  considerable 
trouble.  Because  a  piece  of  ware  has  a  small  edge  crack  it 
must  not  necessarily  be  broken  up,  but  if  stopped  with  a 
good  stopping  mixture,  will  at  least  nuike  ''Tliirds,"  which 
will  be  more  profitable  tlian  breaking  in  the  l)iscuit. 

In  the  Underglaze  Printing  department,   there  are 
four  fruitful  sources  of  error : 
Breakage, 

Smearing  the  fresh  color,  and 
Not  transferring  and  properly  rubbing  tlie  prints. 

It  is  often  difficult  to  say  what  person  or  team  is  re- 
sponsible for  loss,  and  to  facilitate  this  a  good  way  to  do 
is  to  give  eacli  ])rinting  team  a  stamp  witli  a  number  on  it 
to  ])lace  on  ware  that  they  handle.  It  will  then  l)e  seen  at 
a  ghmce  who  is  responsible,  and  knowing  this  it  will  l)e  a 
great  step  tmvards  overcoming  the  difficulty. 

There  are  many  losses  which  occur  in  the  last  stage 
of  the  process  due  to  the  negligence  of  kilnmen  as  well  em 
bv  accidental  losses. 
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Brown  Ware  may  be  caused  either  by  carelessness  or 
accident.  It  is  caused  by  a  sagger  breaking  open,  wads 
contracting,  or  the  tops  and  cracks  in  the  sides  of  the 
sagger  not  being  properly  stopped  up.  The  flame,  dust 
and  kiln  gases  gain  access  to  the  sagger  in  some  of  the 
above-mentioned  ways  and  leave  a  deposit  of  ash.  The 
ash  from  coal  always  contains  at  least  a  small  i>erceutage 
of  iron,  and  when  this  becomes  mixed  with  the  glaze,  it 
gives  it  the  characteristic  brown  color  due  to  this  metal. 

'  Aired  Ware  is  caused  in  just  the  same  way,  only  there 
is  no  ash  to  deposit.  The  kiln  gases  and  flame  go  into  the 
sagger  and  take  away  all  life  and  gloss  from  the  glaze, 
leaving  it  dry.  If  the  piece  of  ware  has  an  underglaze  pat- 
tern, it  will  stand  out  in  relief  and  the  lines  of  the  pattern 
can  be  very  distinctly  traced  with  the  finger. 

Both  of  these  above-mentioned  losses  can  l)e  i)revente<l, 
at  least  to  a  great  extent,  if  care  is  used  by  the  placers. 

Dirty  Ware  is  very  common,  and  in  fact  one  of  the 
worst  causes  of  loss  in  the  final  part  of  the  process.  Pieces 
of  the  wad  are  a  great  source  of  dirt  and  it  gets  onto  the 
ware,  either  by  the  crumbs  of  it  falling  off  the  ki lumen's 
hands,  or  by  flying  when  being  fired.  This  flying  is  caused 
by  the  too  rapid  expulsion  of  water  vapor  wliich  cannot 
well  escape;  and  the  more  plastic  the  material,  the  more 
subject  it  is  to  this  trouble.  A  wad  should  be  made  from 
a  plastic  ball  clay  and  contain  as  much  sand  as  possible 
and  yet  be  plastic  enough  for  the  kilnman  to  pick  ui»  a 
piece  of  convenient  length.  It  is  well  to  have  a  wad  rather 
soft  so  that  it  can  spread  out  under  the  pressure  of  the 
sagger  on  top  of  it.  A  clay  about  as  plastic  as  Tennessee 
ball  clay  Xo.  7  and  grog,  when  made  into  wads  should 
contain  about  22%  water. 

Some  times  it  hap])ens  that  bits  of  top  sagger  wasli 
peel  off  and  drop  while  under  fire,  and  these  can  be  identi- 
fied as  little  spots  usually  geometric  in  shape.  The  remedy 
for  this  cause  varies  with  different  washes  used,  and  can 
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best  be  found  by  experiment.  The  object  being  to  find  a 
mixture  having  a  greater  tenacity. 

Pin  body  is  often  found  in  the  ware  when  the  Ivilnmen 
try  to  nial^e  a  pin  fit  a  liole  tliat  is  too  suiall^  and  as  a  result 
the  crumbs  fall  onto  the  ware,  making  a  number  of  cream- 
colored  spots  close  together  and  located  just  ovei*  the  pin 
mark  on  the  under  side.  The  remedy  for  this  is  to  see  that 
the  sagger  punch  is  the  right  size,  and  if  so,  then  examine 
some  saggers  that  liave  already  been  made  and  find  the 
cause  that  prevents  them  from  freely  entering.  Large 
I)ieces  of  the  sagger  are  sometimes  found  stuck  fast  to  the 
ware.  This  breaks  off  the  top  generally  because  tlie  inside 
of  the  top  forms  a  sharp  edge.  This  edge  should  l)e  com- 
pletely rounded  off  so  it  will  leave  no  pieces  to  crumble  off. 

Stuck  Ware,  hi  casc^  of  tlie  ware,  such  as  dishes,  being- 
stuck,  the  cause  is  fre(iuently  that  the  thimbh^s  used  in 
placing  them  are  too  small.  The  trouble  sometimes  occurs 
in  bo^^'ls  that  are  nested  and  should  a  stilt  give  away  the 
top  bowl  leans  against  the  next  below  it  and  will  also  stick. 
Sometimes  it  happens  also  tliat  both  stilts  and  pins  are 
the  right  size,  but  in  carrying  a  filled  sagger  from  the 
placing  bench  up  a  pair  of  steps  and  to  the  top  of  a  bung, 
they  are  subjected  to  certain  jerks  A\hich  cause  them  to 
shift  out  of  position  and  stick.  Correct  size  stilts  and 
pins,  with  a  reasonable  amount  of  care,  should  obviate 
most  of  the  trouble  in  this  line.  JNIany  of  the  defects  found 
in  the  glaze  from  this  cause  can  be  remedied  oi*  helped  by 
touching  the  spot  with  a  rapidly  revolving  carborundum, 
or  stone  wheel  and  then  polishing  with  a  felt  or  wooden 
wheel,  containing  a  little  pumice  flour  on  the  surface. 

Sulphuring.  Tliis  may  be  caused  either  by  the  fuel 
nsed  or  by  the  composition  of  the  yhize.  If  it  is  caused  l)y 
the  glaze,  it  is  probably  due  to  the  presence  of  some  im- 
purity containing  a  sulphate.  Tf  it  is  due  to  firing,  it 
must  be  the  fault  of  the  fuel  containing  too  much  sulphur, 
and  when  not  enough  air  gets  through  the  kiln  the  gases 
are  more  saturated  with  it,  thus  causing  it  to  do  more 
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hai-ui  than  if  diluted  with  air.  It  is  identified  by  the 
presence  of  a  scnm  on  the  surface  which  can  be  washed  off 
with  water. 

Reducing  of  Lead  is  caused  by  tlie  kiln  atmosphere 
being  under  reducing  condition  or  containing-  carbon  mon- 
oxide. Wlien  lead  is  reduced,  it  turns  l)lack,  and  for  this 
reason  there  can  be  no  mistake  in  its  identification.  To 
oy<'rcome  this,  there  should  be  more  air  admitted  to  the 
kiln  so  as  to  oxidize  these  gases. 

Breakage  is  also  one  of  the  most  fruitful  sources  of 
loss,  and  to  obviate  this  care  is  tlie  only  remedy. 

DISCUSSION. 

Mr.  Si  III  cor:  I  woubl  like  to  suggest  to  .Air.  Mayer 
another  possible  solution  of  tlie  dunting.  He  claims  that 
a  remedy  would  be  to  change  the  body,  the  change  being 
probably  the  addition  of  more  plastic  clay,  is  tliat  the  idea? 

Mr.  Mayer:     Yes,  sir. 

Mr.  Sinicoe:  With  a  body  containing  60  percent  of 
ball  clay — does  your's  contain  that  mu<-h?" 

Mr.  Mayer:     No. 

Mr.  ^imcoe:  I  have  found  this  same  condition  to 
exist  with  such  a  body.  You  also  stated  that  you  found 
this  in  the  large  pieces.  That  seems  to  point  to  a  theory 
that  I  advanced  la.st  year  in  regard  to  pug  mills,  that  the 
structure  given  it  by  the  i>ug  mill,  that  is,  laminations 
given  it  in  pugging,  possibly  is  tlie  cause  of  that  dunting 
following  the  line  of  lamination.  You  also  state<l,  I  be- 
lieve, that  it  is  spiral  in  form. 

^fr.  Mayer:     Yes,  sir. 

Mr.  Snin-or:  AVould  not  that  suggest  improper  pug- 
ging? 

Mr.  Mayer:  That  spiral  form  may  also  be  due,  in 
the  case  of  a  plate  or  other  giggered  article,  to  a  circular 
impulse  given  l>y  the  gigger,  I  should  think. 

Mr.  Biiiiis:  I  (piestion  whether  we  are  right  in  class- 
ifying non-plastic  material   as  such,  both   in   the  case  of 
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flint  and  spar.  Does  'Sir.  Mayer  mean  to  say  that  an  ex- 
cess of  spar  would  canse  dnnting? 

Mr.  Mai/cr:  I  should  say  that  it  would  if  used  in 
large  proportions,  if  you  did  not  have  enoui>h  ball  clay  or 
other  plastic  material  with  it  to  make  it  into  a  workable 
body,  it  would  also  tend  to  cause  dunting-  the  same  as  an 
excess  of  flint. 

Mr.  Binns :  I  should  question  that  altogether.  The 
dunting  takes  place  after  the  body  has  been  made  and  after 
it  is  passed  through  the  biscuit  fire,  and  mostly  after  the 
subsequent  glost  fire.  You  do  not  often  find  biscuit 
dunting,  so  that  the  working  of  the  body  is  not  such  an 
important  factor. 

I  believe  that  we  are  wrong  in  thinking  of  body  struc- 
ture in  terms  of  ball  clay  or  flint  or  feldspar.  We  ought 
to  think  of  it  in  terms  of  clay  substance,  quartz  and  feld- 
spar. One  reason  why  Mr.  Simcoe's  ball  clay  may  have 
caused  dunting  is  that  it  is  not  at  all  nncomiiion  to  find 
ball  clay  with  25  percent  of  quartz,  and  unless  this  is 
brought  down  to  the  terms  of  rational  comiyosition,  you 
cannot  be  quite  sure  what  you  are  doing.  In  other  words, 
it  is  quite  a  mistake  to  replace  kaolin  with  ball  cla}^  until 
you  are  perfectly  sure  that  the  terms  upon  which  you  are 
working,  that  is,  the  terms  of  clay  substance  and  quartz, 
are  fully  understood.  I  am  persuaded  from  long  observa- 
tion that  dunting  is  in  the  main  due  to  a  too  high  content 
of  (piartz.  It  is  not  necessarily  the  non-plastic  material, 
but  the  too  high  content  of  quartz  that  causes  dunting.  It 
is  true  a  high  content  of  kaolin  may  contril)ute  in  this  di- 
rection, partly  because  kaolin  may  contain  quartz.  I  have 
known  bodies  to  dunt  seriously  which  had  apparently  no 
excess  of  quartz,  but  it  was  almost  always  found  that  the 
(juartz  was  higher  in  its  percentage  than  was  ap])arent. 

Mr.  Ashley:  I  agree  thoroughly  with  ]\[r.  Mayer  in 
his  statements  that  dunting  is  often  caused  by  a  lack  of 
proper  bonding  material  in  the  body.  I  have  traced  it 
back  in  quite  a  goofl  many  cases  in  tlie  following  fashion. 


GLOST  LOSSES  IN   THE  EARTHENWARE   IXDl'STRY.  303 

A  piece  of  glost  ware  is  found  dimted.  The  diintint»-  will 
often  be  found  starting  in  a  very  fine  crack  wliieli  evi- 
dently existed  before  the  piece  of  ware  went  into  the  glost 
kiln.  But  it  is  a  crack  Avhich,  nevertheless,  it  is  almost 
impossible  to  detect  in  the  biscuit  state.  I  have  setMi  also 
a  o-ood  deal  of  dun  ting  of  very  similar  character  in  the 
biscuit  kiln,  and  this  dunting  seems  to  start  with  a  small 
crack  such  as  is  called  a  "kiln  crack"  but  which  I  call  a 
"clay  shop  crack,"  because  in  almost  every  case  this  can 
be  traced  back  to  the  clay  shop,  and  can  be  found  due  to 
the  undue  strain  brought  upon  the  ware  in  the  green  state 
in  the  clay  shop.  For  example,  one  time  1  took  six  dozen 
plates  and  lifted  a  portion  of  them  one  at  a  time  by  the 
rim  and  put  them  in  the  kiln  that  way.  I  took  another  lot 
and  lifted  them  two  at  a  time  by  tlie  rim.  I  took  some 
three  at  a  time  by  the  rim,  etc.,  and  I  found  that  I  could 
get  all  sorts  of  kiln  cracks  by  that  method  of  handling  the 
green  clay  ware,  and  that  dunting  is  one  of  th.e  character- 
istic forms  in  wliich  this  ware  broke,  this  ware  which  I 
mishandled.  It  can  be  mishandled  all  through  the  shop, 
in  finishing,  in  placing  on  the  boards,  in  bringing  down  to 
the  kiln,  and  placing  in  the  saggers.  AVhenever  too  much 
load  is  brought  on  it,  strains  are  produced  which  cannot 
be  seen  in  the  green  clay.  Some  of  them  are  not  seen  in 
the  fired  biscuit.  Many  of  them  only  appear  first  after  the 
glaze  is  put  on  the  ware,  that  is,  just  after  dipping,  as  a 
raised  line  of  extra  thick  glaze.  A  larger  amount  of  plas- 
tic clay  in  such  cases  would  make  the  ware  mechanically 
stronger  and  better  able  to  stand  these  handling  strains 
in  the  clay  shop. 

Pugging,  batting  out,  and  jiggering,  as  said  by  Mr. 
Simcoe  and  Mr.  :Mayer,  probably  determine  the  shape  of 
the  dunt,  while  the  handling  strain  determines  where  the 
dunt  shall  start. 

Mr.  Stnll:  Mr.  President,  it  seems  to  me  that  the 
real  cause  is  due  to  the  peculiar  expansion  of  quartz.  A 
small  crack  may  make  a  weak  spot  who^re  the  influence  of 
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this  exiKUisioii  will  show  up.  If  a  piece  of  ware  is  iiuder 
stress,  a  x^i'^vious  flaw  may  be  the  means  of  tlirowing  it 
ont  of  equilibrium — thus  i)rodu(iug  duutiuji.  lu  my  own 
practical  experience  I  found  that  it  occuried  during  the 
cooling-.  In  the  neighborhood  of  750  to  800  degrees  centi- 
grade, during  the  heating  up,  there  is  a.  pai-tial  conversion 
of  quartz  to  tridamite,  which  represents  a  sudden  increase 
in  the  volume.  During  the  cooling  there  is  a  partial  re- 
vei'sion  again,  at  the  same  tenjperatures  in  which  the  trid- 
amite  goes  back  to  quartz,  which  represents  a  sudden 
contraction.  This  sets  up  a  stress  which  maj  relieve  itself 
at  the  weakest  point  in  the  aa  are.  I  liave  reduced  the  flint 
and  stoppc^l  it  in  some  cases. 

]\[r.  Stover:  I  would  like  to  ask  Mr.  Stull  whether  he 
has  had  anv  experienec  in  having  ware  placed  on  the  floor, 
being  apparently  in  good  shape  for  a  w  eek  or  ten  days,  and 
then  find  duuting,  even  stand  around  and  hear  it  go  off? 
You  will  find  that  occasionally  in  cases  where  no  apparent 
Aveakness  is  found.  In  such  case  as  that,  would  it  not  seem 
to  be  due  either  to  the  mixture  or  to  the  fire  rather  than 
the  strain? 

The  proportion  of  large  pieces  duuting  is  something 
that  anyone  tliat  makes  large  pieces  cannot  doubt.  Occa- 
sionally it  <(nii('s  where  there  does  nor  seem  to  be  any  legi- 
timate excuse  for  it.  You  can  turn  it  over  and  trace  it 
back  to  a  weak  spot,  or  wiiat  would  seein  to  give  it  a  sti'ain, 
and  you  will  know  why  you  lose  that  one  piece,  but  that 
does  not  enable  you  to  get  d<»wii  to  the  i-eal  cause  for  each 
crack. 

Have  you  had  any  experience,  or  has  anyl>ody  consid- 
ered a  relatiA'e  ]jercentage  of  coefficient  of  contraction  and 
expansion  between  quartz  and  alumina  in  this  regard?  The 
factor  as  8  SiOo  and  5  of  Al.^O...  would  seeiii,  as  T  under- 
stand it,  to  give  a  greater  cojitraction  and  ex])ansion  be- 
tween hot  and  cold  with  the  alumiim  in  the  mix  than  with 
the  silica.  The  ]»ractical  etfect  in  my  own  ex])erienci' 
in  this  line,  is  that  iiearlv  all  these  <1unts  that  "ive  us  a 
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luiisaiiee,  do  not  seeui  to  come  from  any  partieular  reason 
that  YOU  can  trace  .  But  after  being  for  several  days  at  a 
certain  temperatui-e,  yon  .a;et  them  up  against  a  cooler  at- 
mosphere and  away  they  go  without  any  api^arent  caus(\ 

J/r.  Binns:  Mr.  Stoyer's  points  on  the  relative  co- 
efficients of  silica  and  alumina  is  not  comparable  to  our 
case,  because  when  you  deal  with  glass  you  are  dealing  with 
silica  in  a  molten  form  and,  in  that  state,  it  is  well  known 
that  its  co-efficient  disappears  almost  entirely.  Crystaline 
quartz  has  an  extremely  high  co-efficient,  molten  quartz 
has  none  or  almost  none.  That  is  one  reason  why  we  can 
cure  crazing  by  adding  quartz,  either  to  the  glaze  or  to 
the  body,  being  in  the  one  case  a  crystaline  form  and  in 
the  other  case  a  molten  form. 

Mr.  Thomas:  Why  is  it  more  susceptible  to  dunting 
the  closer  the  grain  the  piece  of  ware?  The  more  vitrious 
it  is  the  more  susceptible  it  is  to  dunting. 

Mr.  Mai/er:  I  cannot  sjiy,  but  my  idea  is  that  you  do 
not  find  many  more  duntings  in  denser  or  vitntied  bodies 
than  in  the  lighter  or  earthenware  bodies. 

Mr.  l>!fHl/:  Tt  is  more  susceptible  when  coarse  quartz 
is  used  than  when  line  quartz  is  used.  That  has  been  my 
experience,  anyway. 

Mr.  Coiran  :  Mr.  :Mayer  gives  as  one  of  the  causes  of 
sulphurizing  in  the  kiln,  the  presence  of  sulphate  in  the 
glaze.  I  should  think  the  use  then  of  magnesium  sulphate, 
to  prevent  ropey  glaze,  would  be  rather  dangerous. 

Mr.  Maijer:  It  is  added  in  such  small  quantities  that 
it  hardly  affects  it.  If  your  glaze  does  not  contain  enough 
of  sulphate  before  that,  the  small  amount  tliat  you  would 
add  in  that  case  would  apparentlv  do  no  Iiarm.  At  any 
rate,  it  does  not  do  so. 
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IN  COMMERCE  —  PARTICULARLY  OF 

PLUMBER'S  WARE. 

BY 

Ohaules  A\'i:elaxs,  Treiitou,  N.  J. 

Ill  iutroduciiig  the  al)(_>ve  subject  i  do  so  A\ith  the  full 
knowledge  tliat  among  ceramists  generally  there  is  little 
or  no  doubt  as  to  the  proper  grading  of  the  different  kinds 
of  pottery  that  usually  come  under  the  head  of  wliitcAvares. 

In  table  wiwe  we  liave  the  common  earthenware,  vit- 
reous earthenware,  semi-vitreous  earthenware,  the  porce- 
lains, etc.,  and  the  characteristics  of  each  having  been 
clearly  defined  by  various  authorities,  are  probably  all 
well  understood. 

In  sanitary  plumbing  ware,  however,  of  which  we 
wish  more  particularly  to  speak,  owing  to  the  introduction 
of  some  new  compositions  or  old  ones  revived,  together 
Avith  improper  names  having  lieen  given  to  each,  their 
proper  classification  has  l»ecome  somewhat  obscure.  Tn 
some  literature  and  in  various  trade  advertisements  we 
find  the  names  of  "Vitreous  Ware,"  "riiina  Ware,''  "Vit- 
reous China,'"  "Vitreous  Earthenware,"  "Poi'celain,"  "Vit- 
reous Porcelain,-'  "Solid  Porcelain,"  etc.,  all  given  to  tlie 
one  type  of  ware.  This  product  is  e.x:pected  to  answei"  to 
one  or  all  of  these  various  names  as  used  in  many  specifi- 
cations wliich  have  been  written  during  the  past  few  years, 
and  wbicli  we  have  naturally  found  it  difficult  to  comply 
witli.  Therefore,  to  establish  a  better  uud(M-standiug  of 
tl)e  ]n-(tp('r  tei-ms  to  ap])ly  to  this  product  is  the  object  of 
this  not(%  and  to  facilitate  discussion  on  the  subject  Ave 
Avill  present  the  Aarious  names  Avlilcli  have  erroneously 
been  given  it,  exjtlaiuiiig  our  coiice]»iion  of  tlie  ti'ue  meau- 
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ing  of  each  and  by  comparision  secure  for  it,  if  possible,  a 
name  both  appropriate  and  easily  understood. 

Porcelain. 

This  ware,  known  as  hard  porcelain,  is  understood  by 
ceramists  as  being  among  the  purest  and  finest  of  clay 
products.  Its  color  is  approaching  pure  white,  and  it  is 
composed  of  a  hard,  dense,  translucent  body.  Being  vit- 
reous in  character,  it  comes  near  to  being  non-absorbent. 
It  is  free  from  craze  when  properly  manufactured,  and 
inasmuch  as  it  is  composed  of  the  purest  materials,  is 
among  the  most  beautiful  and  most  durable  of  pottery. 

Vitreous  China. 

This  term  is  used  repeatedly  in  connection  with  com- 
mon ware,  and  probaby  was  called  into  use  owing  to  the 
name  "china"  being  abused  by  some  manufacturers  who, 
wishing  to  enhance  the  value  of  their  product,  applied  the 
name  '^'china"  even  to  some  of  the  lowest  grades  of  earthen- 
ware. Hence  the  terms  "vitreous  china"  and  "china"  are 
properly  identical,  the  word  "vitreous"  being  added  to 
distinguish  it  from  the  lower  grades  of  earthenware,  which 
had  assumed  the  name  "china."  The  word  vitreous  when 
used  in  this  connection  is,  therefore,  unnecessary,  since  it 
can  hardly  be  considered  china  except  it  be  vitreous. 

Earthenware. 

Earthenware  is  a  commoner  and  cheaper  grade  otf 
table  or  other  ware.  Its  color  is  less  white  than  china,  is 
opaque  in  character,  more  or  less  porous,  and  probably 
more  subject  to  craze. 

Vitreous  Earthenware. 

Vitreous  earthenware  is  earthenware  vitrified  by  the 
application  of  higher  temperature  in  burning,  or  a  change 
in  the  proportions  of  fluxing  elements  used  in  common 
earthenware,  or  both.   The  color  is  not  materially  different 
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from  that  of  earthenware.  It  has  the  ai)]jearance  of  a 
iniuli  liarder  siibstiiiice  tliaii  earthenware,  whioli  difference 
can  be  noted  (as  well  as  1)y  other  means)  by  its  clear  bell- 
like sound  when  liit  by  a  metal  or  other  hard  instrument. 
It  is,  when  properly  manufactured,  probably  less  subject 
to  craze  than  common  earthenware.  It  is  used  for  table 
ware  and  plumbing  goods  such  as  lavatories,  closets,  sinks, 
urinals,  etc. 

Semi-Vitreous. 

Tliis  ware,  callHl  semi-vitreous,  is  composed  of  a  hard, 
somewhat  close  body,  but  not  sufficiently  dense  to  bring 
about  that  translucency  noticeable  in  porcelain  or  vitreous 
earthenware,  nor  is  it  nearly  so  porous  as  common  ear'tlien- 
ware.  Its  color  is  similar  to  vitreous  earthenware,  being 
less  wliite  than  china.  When  properly  manufactured  it  is 
probably  free  from  craze.  It  is  not  non-absorbent.  It  is 
used  for  tabk^  ware  and  to  some  extent  f(U"  plumbing  goods, 
sucl)  as  closets,  urinals,  etc. 

Heavy  Vitreous. 

This  is  a  new  term,  having  been  but  recently  used  to 
describe  a  composition  employed  in  making  large  sanitary 
articles.  It  is  composed  of  a  vitreous  earthenware  body 
and  a  certain  percentage  of  previously  burneil  material  in 
the  form  of  finely  ground  particles.  Since  previously  uii- 
burned  materials  wlien  tired  above  the  temperature  neces- 
sary to  liberate  the  hydroscopic  and  chemically  combined 
water  contract,  their  ^^lume  is  reduced.  The  previously 
burned  material,  however,  which  is  incorpf>rated  in  this 
heav3'  vitreous  ware,  having  already  been  reduced  in  vol- 
ume by  previous  burning,  remains  in  the  second  burning 
practically  the  same,  while  the  unburned  material,  through 
firing,  is  reduced  in  volume  and  is  removed  more  or  less 
through  contraction  from  these  minute  particles  of  pre- 
viously burned  material  incori)orated  in  the  body,  leaving 
a  cellular-like  structure  lacking  in  the  compactness  notice- 
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able  in  the  vitreous  earthenware  composition.  Owing  to 
this  cellular  like  structure  the  finished  product  called 
"extra  heavy  vitreous"  is  more  highly  absorbent  than  vit- 
reous ware. 

Fire  Clay  Porcelain,  sometimes  callcil  Solid  Porcelain. 

This  product,  although  called  porcelain,  differs  widely 
from  any  of  the  kinds  of  pottery  above  describcl.  Its  l)ase 
is  composed  of  what  is  commonly  called  "fire  clay."  Its 
body,  being  made  up  of  fire  clays  and  an  admixture  of 
formerly  burned  material  or  broken  ware,  called  grog.  It 
is  an  open  body  and  more  or  less  porous,  although  subjected 
to  a  greater  heat  than  much  of  the  vitreous  ware.  It  is 
covered  ^^ath  a  china  engobe,  which  gives  it  a  fine  white 
color  and  vitreous  surface.  While  it  is  sometimes  more 
prone  to  craze  than  vitreous  earthenware,  it  should  not  be 
looked  upon  as  being  unavoidably  so,  for  much  of  this  ware 
has  been  known  to  have  great  endurance.  It  is  used  for 
heavy  plumbing  goods  such  as  closets,  bath  tubs,  and  other 
heavy  ware. 

Solid  Vitreous. 

This  name  is  also  new,  but  since  its  composition  is 
identical  with  that  used  in  heavy  vitreous,  the  name  de- 
scribes the  mode  of  construction  rather  than  the  character 
of  it^s  composition. 

Webb  Vitreous. 

This  name,  like  the  name  "solid  vitreous,''  is  explana- 
tory of  the  particular  mode  of  construction  and,  therefore, 
does  not  indicate  any  special  composition  other  than  the 
usual  (me  used  by  manufacturers  of  large  vitreous  pieces, 
although  often  understood  to  do  so. 

All  the  above  described  terms  have  at  one  time  or  an- 
other been  applie<l  to  ware  similar  in  character  to  a  ])ro- 
duct  of  the  following  composition  : 


310  DISTINCTIONS    IN    GRADING    OF    WHITEWARE. 

Spar    900 

Flint     900 

Florida  Clay    600 

Goldings     500 

English  Ball    400 

0.2  K,0     ALO,     4.87  SiO, 

of  which  in  a  large  measure  heavy  sanitary  ware  is  made. 
It  is  burned  at  different  temperatures  by  ditferent  manu- 
facturers, but  usually  about  cone  8  to  10.  It  is  vitreous 
when  properly  treated,  and  its  power  of  absorption  is 
small.  It  resembles  porcelain  or  china  only  in  its  hard- 
ness. It  is  distinguished  from  common  earthenware  by  its 
vitreous  character  and  its  hardness,  color  being  little  dif- 
ferent. Since  the  materials  of  which  it  is  composed  are 
less  carefully  selected  than  those  used  in  making  china,  it 
is  lacking  in  the  beautiful  color  and  iineness  noticeable  in 
the  porcelain.  The  terms  "china"  or  "porcelain"  cannot 
intelligently  be  applied  to  it,  nor  can  it  rightfully  be  called 
common  earthenware.  Common  earthenware  lacks  vitri- 
fication, hence  is  porous  and  highly  absorbent,  wliich  infer- 
ior qualities  are  almost  entirely  absent  in  the  ware  just 
described.  For  the  same  reason  we  cannot  call  it  "semi- 
vitreous,"  for  it  too  lacks  the  commendable  (luality  of  being- 
vitreous  and  of  low  absorption. 

Since  it  cannot,  in  our  judgment,  be  called  "porce- 
lain," "china,"  "earthenware,"  or  "semi-vitreous"  ware, 
there  is  but  one  term  we  may  rightfully  use  in  this  connec- 
tion, namely,  "Vitreous  Earthenware,"  for  the  character  of 
vitreous  earthenware  and  the  ware  we  are  describing  are 
identical.  The  color  of  each  differ  little,  if  any.  The  ma- 
terials of  which  they  are  composed,  the  ])roportions  of 
same,  the  temperature  used  in  firing,  and  the  low  absorb- 
ing qualities  are  quite  the  same.  Hence  our  conclusion 
that  vitreous  earthenware  of  all  other  terms  can  be  most 
intelligently  used  in  describing  it. 

Tests  and  Specifications. 

In  many  .specifications  as  now  written  it  is  demanded 
that  this  ware  be  vitreous  and  non-absorbent.     While  the 
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danger  of  failing  to  reach  a  satisfactory  point  of  vitrifica- 
tion may  not  be  difficult  to  comprehend,  the  possibility  of 
attaining  a  non-absorbent  product  is  not  so  simple.  To  go 
beyond  a  certain  point  of  vitrification  in  heavy  sanitary 
ware  has  been  proved  dangerous, — dangerous  not  only  to 
the  manufacturer,  but  in  coming  in  contact  with  the  ex- 
treme changes  of  temperature  when  in  use. 

Some  specifications,  however,  demand  that  all  sani- 
tary ware  be  subjected  to  the  Bed  Iiil-  Test  to  determine 
its  porosity.  This  test  is  particularly  severe,  inasmuch  as 
it  requires  a  highly  vitreous  structure  to  successfully  pass 
same,  which  structure  invites  the  much  feared  condition 
of  cracking  when  in  use.  A  more  moderate  test  A\'ould, 
therefore,  be  not  only  as  effective  but  result  in  a  more 
satisfactory  product, — more  satisfactoi-y  to  the  manufac- 
turer inasmuch  as  the  loss  would  be  lessened,  and  to  the 
user  as  the  liability  to  fracture  when  in  use  woud  be  much 
less.  The  manufacturer,  having  constantly  in  view  the 
severe  test  applied  to  his  ware  bends  every  effort  to  attain 
a  highly  vitreous  product,  and  in  doing  so  inevitably  in- 
creases the  liability  to  over-firing,  which  frequently  brings 
about  the  above  described  dangers.  Since  durability  and 
sanitary  perfectness  are  not  dependent  upon  that  height 
of  vitrification  necessary  to  successfully  meet  this  red  ink 
test,  and  since  the  efforts  of  ceramic  manufacturers  to 
obtain  this  condition  inevitably  leads  to  the  greater  danger 
of  defective  product,  why  employ  it?  Other  clay  products 
such  as  vitreous  paving  bricks,  etc.,  are  acceptable  after  a 
much  less  severe  test.  The  best  paving  bricks  are  required 
to  be  of  a  vitreous  character,  bu(  beyond  a  certain  point 
of  vitrification,  Avhich  is  much  below  that  necessar}'  to  meet 
the  red  ink  test  successf ulh ,  it  is  considered  dangerous  to 
go.  To  reach  a  high  point  in  vitrification  makes  the  pro- 
<luct  too  brittle  to  be  durable;  hence  the  water  test  is 
given,  and  the  product  which  absorbs  not  more  than  a  cer- 
tain small  percentage  of  water  is  considered  satisfactory. 
The   same   conditions   obtain    with   pottery,  although    the 
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different  prmluctK  are  used  for  widely  dittereiit  purposes. 
The  conditions  of  inaiiufacture  that  render  vitreous  bricks 
too  brittle  to  be  durable  are  in  part  the  identical  condi- 
tions that  brinj;-  about  this  fault  in  potter}',  namely,  high 
vitrification,  and  in  the  juduinent  of  the  writer  it  should 
not  only  not  be  required  but  should  be  avoided  by  making 
acceptable  a  lower  point  of  vitritication,  and,  in  order  to 
determine  such  jjoint,  a  more  moih'rate  test  than  the  red 
ink  test. 

A  second  test  is  that  applied  to  the  glaze,  namely,  the 
glaze  must  resist  Scratching  with  Steel.  With  reference 
to  scratching  the  glaze  with  a  steel,  it  might  be  said  that 
it  is  highly  questionable  whether  there  is  any  glaze  usable 
in  heavy  pottery  which  could  successfully  pass  this  test. 
It  is  extremely  difficult,  if  not  impossible,  to  secure  a  glaze 
lor  large  pottery  that  cannot  be  scratched  more  or  less 
with  steel,  and  the  extent  to  which  it  may  be  scratched  is 
dependent  upon  the  pressure  used  upon  the  steel  when 
testing  and  upon  the  hardness  of  the  steel.  Since  different 
jjressures  give  different  results,  and  at  present  no  testing 
machine  for  this  purpose  that  is  eutirely  reliable  is 
known,  the  liability  for  error  is  ai)i)arent.  Its  results 
could,  therefore,  hardly  be  other  than  unsatisfactory  and 
misleading. 

Next  is  the  Metal  Pipe  Test.  \\'ith  reference  to  the 
use  of  a  metal  bar  for  strength  testing  it  may  be  said  that 
this  test  too,  in  the  writer's  judgment,  since  it  cannot  be 
other  than  unfair,  is  unsatisfactory  and  inadequate.  In 
no  test  yet  mentioned  is  the  liability  to  error  gTeater  than 
in  this  test.  The  breaking  of  a  piece  of  ware  is  not  only 
dependent  upon  the  instrument  used  and  the  power  of  the 
impact,  but  upon  the  position  or  part  of  the  ware  upon 
which  the  impact  is  made.  A  piece  of  ware  might  su<-<-ess- 
fiilly  stand  a  dozen  blows  if  hit  in  one  place,  while  it  might 
be  shattered  to  pieces  by  one  blow  if  hit  in  other  places. 
Again,  unless  some  reliable  testing  machine  that  could  be 
expected  to  give  an  even  strength  of  blow  be  used,  the  test 
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mentioned  conUl  hardly  be  depended  upon  to  give  any- 
thing like  reliable  data  as  to  the  impact  resiKting  ability  of 
any  ceramic  prodnct. 

There  are  other  conditions  not  mentioned,  sucli  as  the 
d liferent  modes  of  constrnction  used  by  different  manufac- 
turers in  making  the  same  pieces  of  ware,  wliich  fact  would 
result  in  the  different  pieces  of  ware  having  their  greatest 
impact-resisting  power  distributed  in  different  points. 
This  fact  would,  in  case  of  pieces  of  ware  being  tested  at 
the  same  point  give  varying  results,  while  if  all  the  pieces 
were  broken  at  all  points  they  might  be  considerwl  equal 
in  streng-th. 

Other  like  illustrations  of  the  unfairness  and  inade- 
quacy of  this  test  might  be  given  if  necessary.  It  is  the 
judg-ment  of  the  ^yriter  that  where  a  test  of  this  kind  is 
i*equired  it  were  better  to  use  the  rattler  or  impact  test. 
The  rattler  is  made  by  selecting  a  lot  of  broken  pieces  of 
ware,  weighing  same  carefully,  and  placing  them  in  the 
testing  machine  for  a  given  period  of  time,  after  which 
they  are  again  weighed  and  the  loss  note^l. 

The  impact  test  is  carried  on  by  a  reliable  impact 
testing  machine,  namely,  by  selecting  a  number  of  pieces 
approximately  the  same  lengtli,  width  and  thickness,  and 
noting  the  num1)er  of  l)lows  of  a  given  strength  required 
before  breaking  them. 

These  are  all  simple  tests,  their  principal  feature 
being  their  comparative  reliability,  and  in  the  judgment  of 
the  writer  should  be  employed  wherever  possible  in  prefer- 
ence to  unfair  and  unsatisfactory  tests  mentioned  above. 

DISCUSSION. 

Mr.  Storrr:  I  think  we  are  in  sonu^what  the  same 
shape  with  this  as  with  the  question  of  materials.  When 
we  are  buying  materials  we  want  to  know  Avhether  we  are 
getting  the  material'  we  are  supposed  to  be  buying.  Aud  a 
good  many  of  the  customers  in  the  sanitary  line  are  reach- 
ing that  same  point,  that  they  want  to  know  the  different 
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kinds  and  classes  and  how  close  they  are  getting  to  reach- 
ing the  staiKhird  that  they  are  paying  for.  I'resiimably 
some  of  tlie  governnient  officers  have  decided  to  try  to 
establish  a  set  of  standards  to  be  reached  by  the  different 
manufacturers. 

Mr.  Weelans:  T  would  like  to  ask  if  any  one  of  the 
members  have  a  method  of  determining  the  iH)r()sity  of  a 
pottery  body,  especially  vitreous  earthenware. 

il/r.  Orion :  A  great  many  determinations  of  tlie 
porosity  have  been  made  on  pottery  wares  and  clay  wares, 
but  I  do  not  think  there  is  any  approach  to  a  standard 
method.  Some  would  select  larger  and  bettej'  glazed  test- 
pieces,  with  less  crazing  of  the  glaze,  than  others,  and  the 
consequent  results  Avould  not  be  very  closely  comparable. 
1  think  standardization  of  the  absorption  te^t  is  necessary 
for  pottery,  just  as  much  as  for  paving  brick  or  any  other 
ware. 

The  points  brought  out  by  the  paper  indicate  that 
either  this  society  or  some  other  organization  ought  to 
step  in  now,  and  try  to  devise  some  standards  which  will 
detine  the  different  classes  of  whitewares.  li  does  not 
appear  to  me  ais  a  particularly  difficult  matter  to  define 
the  proper  groups  of  whitewares,  but  it  will  be  one  of  those 
investigations  in  Avhich  the  amount  of  detail  is  very  great, 
and  the  amount  of  painstaking  labor  Avill  be  considej'able 
in  order  to  detine  the  standards  properly. 

A  good  deal  of  work  has  been  done  on  standardizing 
paving  brick  tests,  both  the  rattler  tests  and  other  tests, 
but  even  on  the  rattler  test  alone  there  was  room  for  au 
endless  amount  of  investigation,  to  run  down  all  the 
jK)ssible  modifications  and  prove  wliat  is  absolutely  the 
best  way  to  do.  And  even  now,  people  disagree  as  to  the 
results  of  the  rattler  tests.  In  tests,  more  or  less  subject 
to  slight  variations  in  the  procedure,  variations  which  the 
operators  themselves  oftentimes  think  unimportant,  the 
cnmulativc  eifect  is  enough  t(t  make  i\\c\  o])e]'ators  unal)le 
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to  check  each  other  when  they  think  they  are  doing  exactly 
the  same  thing. 

If  this  society  could  appoint  a  committee,  or  better 
still  a  committee  would  volunteer  to  take  up  this  work  of 
standardizing  the  different  grades  of  whiteware,  it  would 
do  the  country  a  gTeat  service,  and  give  prominence  to  this 
organization  at  a  time  when  it  will  do  it  some  good.  There 
is  going  to  be  more  careful  grading  of  ceramic  products  in 
the  future,  and  I  think  now  is  the  psychological  moment 
for  such  a  committee  to  get  to  work.  But,  of  course,  it 
should  be  understood  that  whoever  attempts  to  do  a  i^iece 
of  work  like  that,  will  find  almost  an  endless  amount  of 
labor  involved.  I  do  not  think  any  committee  which  would 
be  appointed  would  be  apt  to  produce  the  needed  results, 
any  more  than  most  of  the  other  committees  that  we  have 
now  outstanding  are  i)roducing  results.  But  if  there  are 
enough  men  here  really  interested  in  this  matter,  and  who 
will  be  willing  to  volunteer  for  this  work,  it  will  not  be 
beyond  the  power  of  such  a  body  to  produce  a  reasonably 
good  set  of  standards  in  another  year. 

Mr.  Wcelaus:  I  would  say  in  further  explanation  of 
our  interest  in  tliis  question  that  certain  specifications 
designate  that  all  plumber's  vitreous  ware  is  required  to 
successfully  pass  the  ink  test  for  absorption,  the  pipe  test 
to  determine  strength,  and  the  steel  scratching  test  to  de- 
termine the  hardness  of  tlie  glaze.  To  decide  as  to  whether 
ware  is  satisfactory,  one  of  the  articles  of  a  given  shipment 
is  broken  and  the  ink  applied.  If  the  first  piece  of  ware 
tested  fails  to  pass  same,  another  piece  of  the  same  ship- 
ment is  broken,  and  in  case  of  failure  a  third  piece  is 
tested.  Should  all  fail,  the  whole  shipment  is  returned  to 
the  manufacturer,  who  must  stand  all  expense  of  the  ware 
broken  for  the  test  as  well  as  all  freight  charges,  etc.  If, 
however,  any  of  the  three  pieces  successfully  passes  the  ink 
test,  all  expense  of  the  broken  pieces  tested  is  borne  by  the 
purchaser  and  the  goods  accepted.  All  ware  here  spoken 
of  is  large,  expensive  pieces  of  plumber's  ware. 
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It  is  i-vi(l('iit.  that  in  the  iiuiimfacturc  of  a  vast  inniibcr 
of  these  pieces  it  is  iiot  ahvavs  possibh'  to  trciit  each  piece 
satisfactorily,  that  some  come  from  the  kilns  less  able  to 
withstand  this  test  than  others,  and  should  any  of  these 
pieces  be  chosen  for  a  test  of  this  character  a  failure  may 
result,  while  in  reality  the  shipmemt  as  a  wlnde  wonld  be 
as  liood  from  the  standpoint  of  vitrification  and  other 
points  of  merit  as  any  other  shipment  which  niiiilit  Ite 
accepted. 

It  was  the  writer's  thonLiht  that  no  authority  was 
nearly  so  satisfactory  to  decide  the  merits  of  these  various 
tests  as  the  American  Ceramic  Society.  It  is  important  to 
many  manufacturers  of  this  (dass  of  ware,  in  Trenton  and 
elsewhere,  to  have  a  more  satisfactory  and  piactical  test 
to  decide  the  merits  of  the  ware  on  the  points  herdn  men- 
tioned, and  to  secure  better  methods  than  are  now  in  vooue, 
since  these  methods  are  unreliable  and  unsatisfactory. 

Mr.  Htorcr:  In  regard  to  l*rofe,ssor  Orton's  suiiii'es- 
tion  that  somebody  volunteer,  I  do  not  believe  that  Mr. 
Weelans  would  rcnpiire  very  much  persuasion  to  aoree  to 
!•()  into  a  j(d)  of  that  size  without  assistiance.  T^ut  as  w(^ 
are  both  in  Trenton,  if  he  will  undertake  to  be  chairman 
of  that  committee,  I  will  be  another  one  of  the  committee 
t(>  help,  but  I  would  like  to  have  some  sui»;oestions  from 
some  of  you  jientlemen  that  have  done  work  alon.u-  that  line. 
Mr.  ]Mayer  had  in  his  paper  the  results  of  the  rattler  test 
and  the  absorption  test  and  t^^'o  or  three  other  tests  of  that 
kind,  and  if  any  others  have  them  and  we  can  liet  hold  of 
them,  we  can  use  them.  There  is  a  paper  on  st<andard  tests 
of  pavinji  brick,  by  Professor  Orton.  I  do  not  remember 
what  absorption  test  was  finally  settled  on. 

Mr.  Orton :  The  ahsorption  tests  were  practically 
thrown  out.  The  specifications  of  the  National  Hrick  Man- 
ufacturer's' Association  make  it  o])tional  whether  absor])- 
ti(m  tests  sliould  be  used  at  all.  They  pin  their  faith  on 
an  abi-asion  f)r  impact  test,  made  in  the  rattler,  and  think 
that  a  ware  which  will  res/ist  that  test  doe.s  not  no^ed  any 
endorsenicnf  from  the  absorjition  test. 
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Mr.  Storcr:  But  many  bricks  tliat  would  i>ass  that 
test  are  liable  to  a  very  wide  variation  in  absorption. 

Mr.  Orion:  Yes,  that  is  true.  One  or  two  papers 
have  been  written  on  that  subject  sonic  time  a.i^o,  in  which 
the  evidence  tended  to  show  that  any  bi-ick  A\hich  would 
pass  a  rattler  test  safely  would  also  be  safe  from  the  dan- 
gers resulting-  from  too  much  absorption.  That  is  to  say, 
the  bricks  \AOuld  not  absorb  enough  water  to  go  to  pieces 
by  frost,  if  they  w  ere  hard  luirnt  enough  to  pass  the  stand- 
ard rattler  test. 

Mr.  ^^torcr:  Did  you  ever  ascertain  the  maximum 
amount  of  water  a  brick  miglit  take  witliout  becoming 
liable  to  damage  by  frost? 

Mr.  Ortoii  :  That  is  a  function  of  the  clay.  No  single 
percentage  can  be  laid  down.  That  was  the  one  reason  why 
the  absorption  test  for  jtaving  brick  was  rejecte<l  by  the 
N.  B.  M.  A.,  because  it  was  found  that  ditferent  clays  have 
an  individuality  about  the  matter,  and  one  may  stand 
three  or  four  times  as  much  water  as  another,  when  sub- 
jected to  frost.  S(nne  are  only  safe  while  they  are  below 
two  per  cent,  while  others  will  safely  stand  fi  or  8  ju'rcent. 
Mr.  ^forcr:  Did  you  fix  a  two  per  cent  figure? 
Mr.  Orton  :  No,  I  never  did,  l)ut  the  two  ])er  cent 
limit  has  been  in  somewhat  common  use  among  city  engi- 
neers and  others  that  test  paving  brick.  Ot  course  you 
will  find  some  specifying  one  percent,  and  some  three  per 
cent,  and  so  on.  There  is  no  standard  ado]»ted  by  the 
American  Society  for  Testing  Materials,  or  hy  the  National 
Brickmaker's  Association,  specifying  how  much  water  a 
pacing  brick  may  take  and  still  be  considered  good. 

Mr.  Storcr:  We  can  all  see  how  much  easier  it  would 
be  for  an  absorption  test.  All  they  would  have  to  do  would 
be  to  jiut  a  number  of  bricks  in  a  solution  for  a  given  length 
of  time,  but  when  you  demand  that  they  ]>ass  a  i-attler 
test,  you  have  to  get  a  machine.  That  is  exactly  true  of 
this  vei-y  line  of  ware  Mr.  Welans  was  talking  abmit.  They 
o-et  a  red  ink  test,  and  when  T  tell  you  that  from  actual 
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observations  of  my  own  1  found  in  one  piece  of  ware  after 
soaking-  ten  days,  six  one-liundredths  of  one  per  cent  on  one 
part  of  the  piece  and  one  and  one-half  per  cent  on  the 
other,  you  can  see  wliat  an  absolutely  queer  kind  of  stand- 
ard you  set,  eitlier  for  the  government  or  for  anybody  else 
by  tiie  red  ink  test.  There  was  that  difference  in  the  tw^o 
ends  of  a  sanitary  piece  not  16  inches  long.  That  is  one  of 
the  reasons  wdiy  I  believe  that  it  is  a  very  important  thing 
for  this  society  to  handle.  If  we  can  fix  this  standard  right 
we  will  do  a  service  to  everybody  in  the  business.  If  the 
rest  of  you  gentlemen  who  have  done  work  in  this  line  will 
give  us  the  material  to  work  with,  Mr.  AA^eelans  and  I  will 
try  to  bring  up  something  here. 

Mr.  Orion:  Quite  a  few  years  ago,  a  number  of  my 
students  were  studying  the  impact  or  abrasion  test  as  a 
means  of  determining  the  toughness  and  strength  of  clay 
wares  in  general.  It  was  assigned  as  a  sort  of  a  prol)lem, 
that  different  groups  of  students  were  to  devise  a  mode  of 
applying  this  test  to  different  classes  of  w^ares.  Some  of 
them  had  to  test  vitreous  floor  tiles  and  others  had  floor 
tiles  that  were  not  vitreous,  and  others  had  pieces  of  pav- 
ing brick,  and  others  had  pieces  of  sewer  pipe,  and  one 
group  had  pieces  of  porcelain  dishes  to  test.  Each  went 
at  it  in  their  own  way,  to  devise  such  conditions  as  seemed 
to  give  a  test  of  rational  severity  for  their  kind  of  ware. 

In  testing  porcelain  plates,  a  half  dozen  samples  of  a 
standard  American  make  of  hotel  china,  and  a  half  dozen 
of  the  same  grade  of  French  manufacture  were  tak(Mi.  Tlie 
tw^o  Iwands  were  competing  for  exactly  the  same  business 
in  this  country. 

We  cut  those  plates  up  into  pieces  substantially  one 
inch  square.  They  were  calipered  for  thickness,  and  found 
to  agree  within  three  oiie-hundredths  of  an  inch,  so  there 
Avas  no  substantial  dift'erence.  These  were  soiaked  in  water 
48  hours.  Perhaps  they  were  heated  first,  in  order  to  expel 
all  moisture  from  the  surface  am!  interior,  and  then  soaked 
in  Avater.     Finally,  they  were  ln-ought  from  the  water  and 


DISTINCTIONS    IN    GRADING    OF    WHITEWARE.  319 

rapicllT  wiped  dry  and  weighed  again.  The  absorption  of 
each  brand  was  small  indeed.  There  was  no  important 
difference  between  the  two  samples  in  this  respect. 

The  two  saiajdes  were  then  put  into  a  ball  mill  with  a 
small  amonnt  of  Hint  and  porcelain  pebbles  about  the  size 
of  liickory  nuts,  and  subjected  to  a  rattling  test.  The 
American  ware  came  through  that  lest  very  mucli  better 
indeed;  in  fact,  it  lost  only  about:  one-third  wliat  tlie 
French  ware  Jost.  The  difference  lay  in  the  degree  of 
britthaiess  of  the  two  l>odies.  On  tlie  otlier  hand,  if  the 
test  had  been  on  the  question  of  transluceney,  the  French 
ware  woukl  have  liad  mucli  the  best  of  it.  This  case  simply 
I'epresents  an  etfort  by  students  to  apply  the  rattler  test  to 
jvottery,  but  at  tlie  same  time  it  seems  to  me  that  it  offers 
a  rational  basis  of  comparison  of  the  relative  toughness  of 
our  ware,  a  factor  which  I  should  think  would  be  a  matter 
of  a  good  deal  of  importance  to  those  dealing  in  hotel  and 
restaurant  goods.  Tlie  absorption  test  failed  to  develop 
anything,  but  the  rattler  test  immediately  develope<l  some 
thing  of  tangible  importance. 

.)//•.  ('a II nan:  There  is  no  question  when  the  rattler 
test  is  used  in  testing  china  which  ware  will  stand  tlie  best, 
— it  is  always  the  American  china.  This  is  due  to  the  dif- 
ference in  processes  used.  The  process  used  by  the  French 
in  the  manufacture  of  china  gives  a  body  of  glassy  fracture, 
while  the  process  used  in  this  country  gives  a  rock  frac- 
ture ;  for  this  reason  ware  from  this  process  is  much  strong- 
er and  more  serviceable.  It  is  claimed  that  the  French 
ware  has  a  Itetter  glaze  than  the  American  ware, — there  is 
a  (juestion  about  this.  The  French  body  not  being  as  strong 
as  the  American  the  ware  does  not  stay  in  service  so  long. 
We  believe  that  when  the  quantity  of  ware  used  and  the 
length  of  time  in  service  are  made  factors  in  judging  tlie 
glaze,  the  American  ware  stands  ahead  of  the  French.  It 
takes  about  six  days  in  a  test  to  differentiate  between 
glazes.  I  believe  it  is  true  that  the  French  has  the  best 
of  the  American  Avhen  bodv  color  is  considered.     The  red 
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ink  test  is  a  liard  one,  and  there  is  a.  (question  whetlier  it 
should  be  applied. 

Mr.  Storcr:  One  test  of  hotel  ware  we  meet  pretty 
nuuli  all  over  the  country.  They  w^ill  tell  you  pretty  quick 
that  they  v^wiit  a  ware  that  will  go  through  the  waslier  and 
not  chip;  therefore,  they  do  not  care  how  you  make  it  or 
A\here  it  conies  from,  if  you  give  them  the  ware  that  they 
can  actually  put  into  service  and  run  through  the  dish- 
washer without  chipping. 

In  regard  to  the  scratching,  wouldn't  that  be  a  good 
test  anyway?  That  is,  to  take  two  plates  and  put  one  be- 
tween the  same  make  and  apply  a  slight  motion,  and  let  it 
run  with  a  little  water  and  something  to  abrade  it.  If  it 
is  a  very  fine  glaze  and  you  let  it  run  for  two  or  three  hours, 
you  will  tiiid  that  that  will  tell  you  mighty  quick  about 
the  durability  of  your  glaze.  That  is  a  method,  I  think, 
employed  on  some  of  the  French  specimens  and  on  some 
of  the  glazes  that  are  now  being  made. 

Mr.  Can  nan  :  The  real  test  is  how  the  glaze  will  wear 
in  the  apparatus  used  for  washing  the  dishes  in  hotels.  As 
said  before,  tlie  length  of  time  the  ware  is  in  service  is  a 
factor. 

Mr.  Storer:  That  is  all  right,  give  a  certain  rate  of 
speed  and  a  certain  length  of  stroke,  so  that  they  will  all  be 
treated  exactly  alike,  and  then  compare  results. 

Mr.  Orion  :  31r.  Cannan,  how  do  you  make  this  six- 
day  glaze  comparison? 

Mr.  ('anna)) :  In  a  tumbler  in  which  the  plates  are 
fastened  and  held  securely,  and  a  quantity  of  given  sized 
particles  are  put  in  and  the  tumbler  rotated. 

Mr.  Orton  :  Two  kinds  of  plates  are  fastened  rigidly 
in  the  rattler? 

Mr.  Cannan  :  As  many  different  kinds  of  plates  as 
the  tumbler  will  hold. 

It  is  best  to  test  ware  with  fragments  of  similai*  ware. 
Probably  Mr.  Mayer  has  some  experience  in  this  line.  The 
American  hotel  china,  they  say,  does  not  show  up  as  well 
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ou  the  table  as  the  French  and  German  ware^,  and  in  some 
cases  we  niiist  lii-ant  that  is  so,  but  here  auain  the  length 
of  time  in  service  is  a  factor.  If  a  piece  of  ware  is  in  ser- 
vice only  six  months,  natnrally  the  "laze  will  not  Ite  worn 
and  marred  as  the  jilaze  on  a  piece  of  ware  that  has  been 
in  service  tive  or  six  years.  Many  plates  of  the  best  Amer- 
ican china  have  been  in  service  for  five  or  six  years. 

^ft .  Enir.sf  Mai/er:  I  do  not  knoA>  of  any  satisfactory 
tests  developed  so  far  in  reference  to  tlie  *ilaze.  Any  test 
I  have  made  has  been  in  connection  strictly  with  the  ratt- 
ler, and  referred  to  the  body.  I  use  cnl)es  of  difterent  bod- 
ies. I  think  Mr.  Cannan  brought  out  a  point  in  regard  to 
the  toughness  of  Ameri'Can  vitrified  china  that  is  correct. 
Ther(^  is  a  lot  of  so-called  vitrified  ware  made  in  England, 
but  the  only  vitrification  about  it  is  the  stamp  on  the  wai-e. 
This  ware  is  no  more  vitreous  than  the  bulk  of  the  semi- 
porcelain  ware  made  in  this  country;  it  is  all  more  or  less 
absorbent.  I  am  speaking  of  American  vitrified  china,  and 
that  stands  in  a  class  by  itself.  Of  the  toughness  of  the 
ware  as  compared  with  anything  made  in  France  or  (xer- 
many,  there  is  no  comparison.  It  will  outlast  them  all 
many  times.  As  far  as  any  satisfactory  glaze  test  is  con- 
cerned, I  do  not  know  of  any. 


THE  CONTRACTION  OF  GLAZES  AND  GLASSES  ON 
SOLIDIFYING,  AS  A  CAUSE  OF  CRAZING. 

nx 

IT.  F.  Stalky,  Cohiinhiis,  (). 

It  has  loiisi,"  been  eustoniarv  to  attribute  all  rrnziiio-  to 
the  glaze  having  a  higher  coefficient  of  thermal  expansion 
than  the  body.  Segei'  accepted  this  view  and  furthermore, 
among  his  well  known  rules,  makes  the  statement  that 
crazing  can  be  reduced  by  substituting  for  a  fluxing  ma- 
terial with  a  high  equi\ialent  weight  an  equivalent  amount 
of  one  with  a  lower  equivalent  weight. 

p]ver  since  the  publication  by  Hovestadt  of  the  results 
of  the  exact  measurement  of  the  thermal  properties  of 
glass  made  at  Jena,  it  has  been  known  that  they  do  not 
agree  with  Seger's  rules.  The  relative  influence  of  equal 
molecular  portions  on  the  coefficient  of  ex])ansion,  begin- 
ning with  the  one  giving  the  highest  coefficient,  are  shown 
in  Oolumn  I.  Column  II  shows  the  fluxing  materials 
arranged  in  order  of  their  molecular  weight,  which  is,  ac- 
cording to  Seger,  the  order  in  which  they  increase  coeffi- 
cient of  expansion  when  used  in  equal  molecular  propor- 
tion : 

I.  II. 

K„0  PbO 

PbO  BaO 

NaO  K.O 

Bab  ZnO 

CaO  BO. 

ZnO  NaO 

B.,0.  CaO 

MgO  MgO 

It  will  be  noticed  that  I  hav(i  placed  B.^O;..  among  the 
fluxing  materials.  This  is  not  according  to  Seger,  but  it 
certainly  acts  as  a  flux  in  glazes  and  glass«^s  of  normal 
composition.  .Vs  shown  by  several  members  of  our  own 
society,    it   has   a   moderate   tendency    towar<l    ])roducing 
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crazing,  probablv  corresponding  to  tlie  place  assigned  to 
It  in  Column  II.  In  mj  own  experience,  I  have  used  large 
amounts  of  BoOo  with  uniform  success,  on  this  supposi- 
tion. 

Now  if  crazing  is  caused  by  high  coefficient  of  con- 
traction, we  should  be  able  to  reduce  it  by  replacing  part 
of  any  fluxing  material  in  Column  I  by  an  equivalent 
amount  of  any  one  occurring  below  it.  By  so  doing  we 
would,  in  many  cases,  be  going  contrary  to  Seger's  law, 
yet  to  the  best  of  our  knoAvledge  be  reducing  the  coefficient 
o-f  contraction  of  the  glaze.  Now  the  disconcerting  thing 
is  that  working  with  Column  II  Ave  can  stop  crazing,  while 
with  Column  I  \\Q  are  liable  to  increase  it.  Instances  of 
this  Avould  be  if  we  were  to  replace  Na20  by  BaO,  or  CaO 
by  ZnO;  and  all  the  while  crazing  is  suppose<l  to  be 
stopped  by  reducing  the  coefficient  of  expansion. 

Considerations  such  a«  the  above  led  me  to  take  a 
theoretical,  as  well  as  a  very  practical  interest  in  tJte  phe- 
nomena of  crazing, 

I  was  engaged  for  several  years  in  the  manufacture  of 
enameled  iron  sanitary  ware.  Like  thousands  of  others,  I 
followed  Seger,  and  corrected  any  tendency  toward  crazing 
by  using  the  list  of  fluxes  as  given  in  Golujnn  II,  and  re- 
placing one  high  in  the  list  by  a  molecularly  equivalent 
amount  of  one  lower  down.  As  long  as  I  kept  within  the 
allowable  limits  of  normal  enamels,  the  plan  worked  well. 

Owing  to  the  nature  of  the  ware  Ave  Avere  manufactur- 
ing, it  Avas  possible  to  obserA'e  it  closely  at  all  stages.  This 
was  especially  true  of  the  cooling  process  for,  as  you  knoAA-, 
a  piece  of  enameled  iron  is  simply  set  aside  to  cool  in  the 
open  room,  or  at  the  most,  run  into  a  cooling  shed  to  keep 
it  out  of  drafts  of  cold  air. 

As  it  cools  doAvn  the  iron  loses  its  redness  and  the 
enamel  becomes  more  and  more  aMscous.  Just  as  the 
enamel  is  changing  from  a  Aery  viscous  fluid  to  solid 
glass,  a  series  of  sharp  cra,ckling  sounds  are  heard  for  a 
period  of  from  three  to  fiA'e  minutes.  If  these  are  especially 
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loud,  the  ]>i(H*e  will  be  found  to  be  crazed  wlieu  it  is  cool 
euougli  to  examine.  Any  boy  "helper"  in  an  enameling 
room  can  tell  by  the  "'crack"  of  a  hot  piece  whether  it  will 
be  crazed  or  not.  It  is  quite  possible  to  see  large  crazes 
open  before  your  very  eyes.  In  this  connection,  it  is  of 
interest  to  note  that  thousands  of  (some  experienced  men 
say  all)  pieces  of  enameled  iron  show  faint  crazes  at  this 
stage,  which  have  entirely  closed  up  by  the  time  tlie  ware 
has  cooled  to  atmospheric  temperatures.  If  a  piece  of 
enameled  iron  does  not  crack  loudly,  and  does  not  show 
crazes  when  cool,  the  chances  are  several  thousands  to 
one  that  it  will  never  craze.  It  Avas  my  duty  to  inspect 
some  200,000  pieces  of  sanitary  enameled  iix)n  as  they 
were  made,  and  also  to  keep  record  of  all  pieces  that 
subsequently  proved  defective.  I  never  saw  a  case  of 
crazing  that  seemed  to  have  developed  after  the  ware  be- 
came cold.  It  is  axiomatic  among  njanufacfcurers  of  this 
class  of  g()ods  that  if  they  are  not  crazed  when  inspected 
on  l)eing  taken  from  the  enameling  room,  tliey  will  never 
craze. 

^  There  are  several  measurements  of  the  contraction  of 
glass  r»n  solidifying.  Barus^  determined  that  liqsiid  l^asalt 
contracts  314%  to  4%.  Mallet^  observed  that  plate  glass 
(taken  as  an  example  of  an  ar-id  silicate)  contracts  1.59%, 
and  that  iron  slags  (basic  in  composition)  contract  0.7%. 
The  familiar  dishing  of  a  fritt  that  has  been  allowed  to 
cool  in  a  crucible  is  n  case  in  point.  In  general  the  higher 
the  silica  perccMitagc,  the  less  the  <-ontraction.  This  is  the 
foundation  of  Soger's  law. 

The  question  has  often  come  into  the  mind  of  the 
writer  Avlu^her  this  crazing  was  not  caused  by  the  con- 
traction of  the  glass  on  solidifying.  The  invariable  rela- 
tion l)et\veen  the  ])eriod  of  solidification  and  crazing  ten^ds 
to  lead  one  to  this  view.     Of  course  the  fact  that  the  coetTfi- 


'  Barus — High  'I'emperature  W^ork  in  Igneous  Fusion  and  Ebulition. 
Bulletin   10.3,   IT.   S.   G.   S. 

-  Proceedings  Royal  Society  XII.  i)age  328.  Also  Geike — Text  Book  of 
Geology   I,    page   408. 
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fieiit  of  glasses  increases  with  temperature,  as  does  also 
their  brittleuess,  might  account  for  a  special  tendency  to 
craze  at  high  temperatures.  But  then  this  should  be 
stopped  by  changing  the  coefficient  of  contraction  of  the 
glass,  according  to  the  measurements  given  by  llovestadt, 
and  this  in  many  cases  we  can  not  do. 

Now  if  this  crazing  cannot  be  lessened  by  lowering 
the  coefficient  of  contraction  of  the  glass,  it  certainly  is 
not  due  to  high  thermal  coefficient.  If  it  is  due  to  con- 
traction of  the  glass  on  solidification,  as  the  evidence 
seems  to  establish,  and  is  cured  in  all  cases  by  Seger's 
rules,  then  these  are  rules  for  lowering  the  contraction  of 
glass  on  solidifying  rather  than  for  lowering  the  coefficient 
of  contraction  of  the  glass  in  solid  state.  The  practical 
use  of  these  rules  remains  the  same,  l)ut  there  arises  the 
question  whether  the  interpretation  of  the  phenomena  of 
crazing  and  its  cure  has  not  been  at  fault  in  many  cases. 

DISCUSSION. 

}fr.  Sliair:  I  have  had  no  experience  in  cast  iron. 
Rut  I  perfornuMl  some  ex])erim(Mits  on  .sheet  steel,  and  in 
the  sheet  steel  enamel  industry  it  is  very  rare  that  crazing 
is  had  before  the  sheets  are  black,  in  fact  it  is  very  rare 
that  that  ware  ever  crazes,  although  it  is  easily  caused  to 
do  so  by  i^roper  changes  in  the  com])osition  of  tlie  enamel. 

There  is  another  phenomenon  which  we  know  as  shiv- 
ering. I  am  not  sure  what  it  is,  but  nevertheless  T  pro- 
duced those  two  results,  what  I  call  crazing  and  shivering, 
in  the  manipulation  of  the  enamel  in  the  same  way  as  the 
potters  Avould  ncaiiipulate  glazes  to  produce  crazing  and 
shivering,  therefore  I  call  this  other  phenomenon  shiver- 
ing. Crazing  in  cast  iron,  as  I  understand  it,  is  quite  com- 
mon. We  know  that  cast  iron  enamels  are,  as  a  rule, 
about  four  times  as  heiivy  as  sheet  steel  enamel,  and  "Slv. 
Staley  has  said,  if  I  got  his  meaning  right,  that  he  thought 
it  was  ])ossible  that  this  crazing  was  du<'  to  a  ])roperty  of 
the  glaze  itself  or  to  its  manipulaticui,  rather  than  to  the 
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relation  of  the  coefficient  of  exi)ansion  of  the  lihize  to  the 
iron,  and  I  think  the  tliickne.ss  of  cast  iron  enamel  will 
give  some  explanation  of  that  effect.  Cast  iron  enamels 
being-  very  heavy  they  do  develop  crazing,  but  the  sheet 
steel  enamels  are  very  light,  necessarily  so,  and  they  very 
rarely  develop  crazing  at  the  factory  in  any  way.  Some 
times,  after  they  are  used  a  while,  they  develop  crazing, 
but  it  is  not  common.     Shi\(Ting  is  quite  common. 

J/r.  Frink:  What  is  the  temperature  at  which  you 
noticed  this  crazing  or, that  you  had  that  cracking? 

Mt\  Staley :  Jnst  as  the  iron  turned  from  red  to 
black.  If  I  remember  right  it  is  probably  between  three  or 
four  hundred  centigrade.  That  is.  about  the  same  point 
that  glass  has  to  be  annealed.  If  glass  is  cooled  below 
that  temperature  without  annealing  and  allowing  these 
strains,  set  up  in  it  by  cooling,  to  work  themselves  out,  the 
glass  Avill  break.  Eeally  I  think  that  crazing  is  caused  in 
the  same  way  that  a  piece  of  glass  that  is  not  annealed 
properly  is  caused  to  break.  Of  course,  the  practical  effect 
of  this,  if  it  holds  true,  would  be  that  a  man  should  be 
very  careful  abont  cooling  his  ware  too  fast.  That  is,  he 
could  cool  as  rapidly  as  he  wanted  to  down  to  the  point 
Avhei-e  the  glass  is  going  to  solidify,  and  then  he  should 
cool  slowly  and  allow  the  strains  to  work  out. 

3Ir.  Frinl'.  I  was  just  coming  to  the  point  of  some 
experiments  that  I  conducted  in  relation  to  glass  baits  for 
drawing  glass  and  drawing  cylinders.  It  is  quite  a  prob- 
lem with  us,  to  find  an  iron  or  metal  of  such  relative  coeffi- 
cient of  contraction  as  to  ])ermit  of  glass  adhering  to  it 
long  enough  to  draw  a  full  length  cylinder.  But  subse- 
(juently  we  developed  a  means  of  very  slow  ly  allowi)ig  that 
glass  to  cool,  and  we  found  that  the  cooling  might  progress 
down  to  370  degrees  centigTade  before  we  would  get  a 
<-oiuplete  rupture,  and  in  previous  instances  when  we  got 
down  to  300  degrees  we  would  get  tliat  rupture.  Now, 
that  corroborates  your  experience. 


REPLY  TO  MR.  FRINK'S  PAPER  "FALLACIES  AND 

FACTS  PERTAINING  TO  GLASS 

MANUFACTURE."! 

BY 

F.  Gelstharp,  Lork  No.  4,  Pa. 

Sand.  For  plate  glass  factories  sand  is  usually 
weiiiluNl  in  the  dry  state,  uot  wet,  as  stated  by  Mr.  Frink. 

Limestone.  I  have  found  that  if  the  magne.sia  con- 
tent does  not  vary  considerably,  it  is  not  detrimental ;  but 
large  variations  of  magnesia  affects  the  uniformity  of  the 
glass,  especially  when  cullet  has  to  be  melted  with  the 
batch. 

According  to  my  experiments,  I  find  that  magnesia 
compared  to  lime  in  chemical  equivalent  proportions  pro- 
duces a  glass  which  is  not  so  fluid  under  equal  conditions. 
But  when  compare<^l  weight  for  Aveight  there  is  little  differ- 
ence in  the  fusibility. 

Soda.  Plate  glass  made  from  ammonia  soda  ash, 
without  any  addition  of  saltcake,  is  more  often  reamy  and 
more  difficult  to  free  fi^om  fine  seed  than  when  saltcake  is 
added,  or  when  saltcake  alone  is  used.  I  believe  I  have 
the  reason  for  this :  The  reaction  between  soda  ash,  lime- 
stone and  sand  takes  place  at  about  1040^C  and  is  finished 
at  ]200^C.  The  mass  at  this  stage  is  a  mixture  of  silicate 
of  soda  and  lime,  with  a  large  quantity  of  free  sand  in 
suspension.  This  free  sand  is  gradually  being  dissolved  by 
the  silicate  of  s<xla,  and  ultinmtely  glass  is  produced  full 
of  fine  gas  bubbles  and  ream,  due  to  the  dissolving  of  the 
excess  sand,  the  solution  of  which  is  A'ery  imperfectly 
mixed  with  the  mass  of  the  glass.  To  discharge  the  seed 
and  dis.sipate  the  ream  the  glass  must  be  raised  to  a  very 

'  Trans.    Am.    Cer.    Soc..    Vol.    XI. 
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liquid  state  for  a  considerable  time,  and  om  ing  to  the  fact 
that  at  this  high  temperature  tliere  is  great  danger  of  the 
glass  pots  collapsing,  we  often  find  that  the  heat  is  shut 
off  before  the  glass  is  made  perfect,  in  order  to  save  the 
pots. 

Now,  by  the  addition  of  a  certain  amount  of  saltcake 
to  a  soda  ash  batch  a  new  reaction  is  caused  to  take  place 
in  the  melt  when  the  temperature  rises  to  about  131 0°C-- 
the  free  saltcake  is  decomposed  by  the  free  sand — and  this 
reaction  appears  to  be  yery  energetic  at  1870 °C.  The  fine 
seed  from  the  first  reaction  is  collected  together  by  the 
new  geiKM-ation  of  gas,  and  a  healthy  boil  is  produced  which 
gives  motion  to  the  metal,  thoroughly  mixing  it  so  as  to 
dissipate  the  reaminess  caused  by  the  dissolving  of  the 
free  sand. 

The  reaction  of  the  saltcake  and  sand  is  not  really 
complete  although  the  reaction  stops  at  about  ]870°C,  for 
1  always  find  a  considerable  amount  of  sulj)huric  anhy- 
dride in  glass  made  from  materials  cont<aining  sulphate 
of  soda;  and  by  raising  the  temperature  much  higher  a 
further  generation  of  gas  takes  place,  but  this  may  be 
actual  volatilization  of  sulphate  of  soda. 

The  presence  of  this  saltcake  in  the  finished  glass  pos- 
sibly accounts  for  some  of  the  variations  in  Mr.  Frink's 
strength  tests,  and  may  also  in  some  way  account  for  the 
property  of  saltcake  glass  retaining  impressions  more  than 
soda  ash  glass,  as  there  seems  to  be  no  other  dilference  in 
the  composition  of  the  two  kinds  of  glass. 

I  very  much  appreciate  the  endeavors  of  Mr.  Frink  to 
haAe  more  interest  taken  in  tlie  chemical  side  of  glass 
manufacture.  It  has  certainly  been  sa<lly  neglected  in 
the  past. 
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BY 

F.  Gelsthakp,  Lock  No   4,  Pa. 

How  can  alumina  in  the  form  of  kaolin  help  to  com- 
bine the  soda,  lime  and  silica  during'  the  melting  of  glass. 
The  ordinary  general  reactions  which  take  place  are: 

Na.,C03+2  SiO„=  Na„  0.2  SiOo+CO, 
2  Na„S0,+4  SiO.+C=  2(Na..  0.2  SiO„)-f  2  SOo+CO, 
CaC0,+2  "SiO.,=  CaO  .2  SiOj-f  CO, 

Na,SO,+2  SiO.=  Na,  0.2  SiOs+SO.+O 

And  as  we  have  always  an  excess  of  silica  present  I 
fail  to  see  ^^•hY  there  should  be  any  reaction  between  the 
soda  and  lime  and  kaolin,  such  as  the  following,  which 
would  no  doubt  take  place  if  there  was  a  deficiency  of 
silica : 

ALO  :    2SiO..+  2CaOO    =  CaO: Al„0,+CaO: 2  SiOo+2  CO, 
A1..0  :   2  SiO.,+3  CaCO.  =  3  CaO:  ALO,  2  SiO-.+S  CO. 
ALO^:   2  SiOo+2  Na„CO,=  Na,0:  ALO,+NaoO:2  8102+2  COj 

But  according  to  the  heat  equations  these  reactions 

would  not  take  place  till  after  the  reactions  between  the 

soda,  lime  and  silica  were  complete: 
2  SiO.+CaCO .=  CaO : 2  SiO.+CO, 

—(360,000+273,850)  =  +(509,350+97,200)  =  —  27,300 
2  SiO.,4-Na„CO,=  Na„0:2  SiO^+CO^ 

—  (360,000+273,700)  = +(506,100+97,200)  =  —  30,400 
ALO,  2  SiO„+2  CaCO,=  CaO:2  SiO^+CaO:  Al„03+2  CO, 

—  (767,500+547,700)  =  +  (509,350+524,550+194,400)  =  —  87,000 

According  to  the  foregoing,  what  we  have  in  the  melt- 
ed mass  is  a  mixture  of  silicate  of  soda,  lime,  alumina  and 
silica. 

The  silicates  of  lime  and  alumina  are  opaque,  and  to 
produce  transparent  glass  these  must  be  dissolved  in  the 
transparent  silicate  of  soda.  Tlie  silicate  of  alumina  has 
simply  lieen  dissolved  in  the  mass,  therefore  if  any  benefit 
has  been  dei-ived  fi-om  the  addition  of  kaolin,  it  could  only 

1  Trans.    Am.    Cer.    Soc.,    Vol.    XI. 
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be  OAviug  to  a  lowering  of  the  temperature  of  fusibility; 
but  J  found  by  exporiiueut  tlie  contrary  to  be  the  case — the 
addition  of  alumina  decreased  the  fusibility. 

Glass  containing  alumina  may  be  harder  or  strongei', 
and  possibly  a  little  more  brilliant;  but  in  good  plate  glass 
these  properties  are  sufiflciently  well  developed. 

According  to  Mr.  Frink  the  presence  of  3  to  49^  of 
alumina  makes  the  glass  less  susceptible  to  the  reducing 
action  of  the  fire  gases.  Chemically  I  cannot  see  how  this 
could  be  so,  unless  it  were  that  the  alumina  was  snbsti- 
tuded  for  soda,  thereby  reducing  the  percent  of  soda  and 
(  onsequently  the  activity  of  the  glass  towards  I'oducing 
gases,  but  it  would  not  be  possi1)le  to  do  this  without  mak- 
ing the  glass  more  difficult  to  melt  and  fire.  It  is  very 
doubtful  whether  carbide  of  sodium  is  formed  on  the  sui'- 
face  of  the  glass  in  a  tank,  and  if  it  were  it  is  not  an  un- 
preventable  evil,  as  perfect  combustion  prevents  this,  and 
it  is  therefore  not  necessary  to  add  anything  to  the  glass 
in  the  hope  of  preventing  it. 

As  most  clays  associated  with  sand  rock  contain  con- 
siderable iron  impurity,  it  is  necessary  to  wash  all  sands 
which  contain  such  clays,  or  otherwise  dark  colored  glass 
would  result.  But  of  course  there  are  cases  where  color  is 
not  so  importiint,  and  the  associated  clay  would  not  be 
harmful. 

My  remarks  are  from  the  plate  glass  manufacturer's 
point  of  view;  and  for  his  purpose  I  feel  justified  in  advo- 
cating purity  of  materials  and  properly  proportional  batch. 

DISCUSSION.' 

Mr.  Friiil,-.  I  regret  that  Mr.  (Jelstharp  is  not  here, 
so  that  we  could  enter  move  fully  into  the  discussion  of  his 
criticisms  of  my  papers. 

In  the  first  place,  in  rc'gai'd  to  the  existence  of  sul- 
phate of  any  character  in  a  finislHMl  glass,  I  have  yet  to 

'  Following-    tho    rending'    by    the    Secretary    of    the    two    pai>ers    of    Mr. 
Gelsthnrp. 


REPLY  TO       ALUMINA  IN  GLASS.  331 

find  a  method  that  will  detect  it,  that  is,  to  any  extent. 
This  is  something  that  I  have  looked  for  for  the  last  three 
years.  1  haA-e  found,  as  I  said  yesterday,  traces  of  what 
might  he  sulphate,  but  it  may  have  come  from  error  in 
analysis  as  much  as  from  the  glass. 

Another  point  in  regard  to  the  addition  of  sulphate 
of  soda  or  salt  cake  to  a  pot  of  soda-ash  glass,  the  soda 
made  by  the  ammonia  process,  would  say  that  I  have  not 
had  much  experience  in  this,  and  I  cannot  state  as  broadly 
as  I  would  like,  without  his  being  here  to  contradict  me, 
my  own  opinion,  but  my  own  opinion  is  that  the  addition 
of  salt  cake  is  beneficial,  due  to  what  we  usually  term  the 
after-boiling.  What  is  the  cause  of  that  after-boil  is  the 
liberation  of  that  very  sulphate,  and  if  you  do  not  melt 
your  glass  you  might  then  find  your  sulphate  there,  in  the 
form  of  minute  seeds  or  blisters.  I  have  some  samples 
with  me  that  if  I  had  a  microscope  I  could  show  you — you 
could  not  detect  them  with  the  eye,  but  put  it  under  the 
microscope  and  magnify  it  50  to  75  diameters,  and  you 
find  the  seeds  about  one  thirtysecond  of  an  inch  long.  In 
that  case  you  might  find  sulphate,  1  cannot  say,  but  I  be- 
lieve salt  cake  is  beneficial  then. 

In  reganl  to  alumina,  I  appreciate  Mr.  Oelstliaip's 
discussion  as  entirely  from  the  plate  glass  standpoint, 
and  T  agree  with  him  that  alumina  in  plate  glass  might 
make  a  difficult  melting  batch,  if  it  replaced  soda,  but 
such  is  not  the  case,  nor  do  we  add  alumina  in  the  form  of 
kaolin.  AYhen  Ave  buy  sand  that  contains  three  or  four 
per  cent  of  alumina  it  is  usually  there  in  what  I  assume 
colloidal  condition,  and  if  you  melt  soda  with  the  sand 
and  alumina  you  will  find  that  alumina  will  go  into  solu- 
tion, and  you  will  not  find  it  in  the  form  of  stone.  Alumina 
does  not  rob  the  soda  of  its  activity  towards  silica,  and  it 
does  not  combine  with  the  silica.  It  acts  as  a  neutral 
agent  between  soda  and  silica,  and  between  lime  and 
silica.  It  goes  into  the  form  of  aluminate  of  soda  perhaps. 
We  made  a  product  of  alumina  from  shale,  underlying  a 
coal  bed.  bv  frittina  the  sbale  with  limestone  and  salt  bv 
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bi'iquettiiig  it,  putting  it  into  a  down  draft  kiln,  and  dur- 
ing firing-  admitting  steam  and  then  grinding  it  up  again, 
leaching  it  with  water  and  passing  COo  through  tlie  solu- 
tion. We  precipitated  the  alumina  and  formed  a  carbon- 
ate of  sodium,  showing  that  soda  aluminate  will  separate 
from  silica  under  those  conditions  A^ery  easily,  and  that 
it  is  not  very  closely  combined.  I  belieye  this  is  the  case 
in  glass,  and  that  is  what  accounts  for  the  higli  tenacity 
Ave  get  from  alumina. 

Mr.  Staleij :     I  did  not  follow  that  last. 

Mr.  Frink:  What  I  have  <lescril)ed  is  what  is  known 
as  the  Keyser  process.  In  the  first  place  ^ye  took  the 
shale,  and  this  is  ground  and  mixed  with  salt,  common 
salt.  This  is  then  made  into  briquetts  and  packed  into 
the  kiln  and  heat  and  steam  applied,  which  made  a  sort 
of  fritt  of  it.  Hydrochloric  acid  was  evohed  in  enormous 
quantity,  and  the  idea  Avas  to  produce  that  as  a  by-product. 
This  fritt  was  then  t^iken  and  ground  up  and  leached. 
That  is,  AA^ater  was  passed  through,  dissolving  out  the 
aluminate  of  soda  Avhich  is  soluble  in  water;  then  the  resi- 
due made  an  excellent  material  for  cement. 

Mr.  ^iJrrrniau  :  Are  you  sure  that  yon  ha<l  aluminate 
of  soda? 

Mr.  FrhiJ::  Positively,  because  Ave  leached  it  with  or- 
dinary water.  We  passed  COo  through  the  water  and 
when  Ave  burned  the  lime  droA'e  off  C^O..,  Avhich  was  passed 
through  this  solution,  and  wliich  precipitated  the  alumina 
and  formed  sodium  cai'bonate.  the  alumina  being  precipi- 
tated as  aluminum  hydroxide,  oi-  gelatinous  alumina, 
which  Avas  then  filtered  out.  This  is  what  the  process  was 
supposed  to  do.  They  spent  about  .*S;200,000  for  a  ])lant, 
but  it  was  found  impracticable. 

}fr.  S>ilrrrinaii  :  T  do  not  know  that  T  can  say  A'ery 
mucli  on  this  matter.  It  deals  esix'cially  with  i)late  glass. 
In  our  Avork  AAe  never  employed  a  sulphate  of  soda.  We 
used  the  soda  ash  entirely,  so  I  really  had  no  oc<asion  to 
nmke  comparison   of  the  two  methods.     We  exiK'rieju-ed 
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very  little  difficulty  with  soda  ash,  however,  in  the  manu- 
facture of  fliut  ^lass.  So  with  this  problem  I  am  entirely 
unfamiliar  from  the  practical  side. 

There  is  one  point  about  the  sodium  aluminate  when 
you  study  the  water  solution.  There  are  many  compounds 
which  can  be  produced  in  the  dry  way  that  are  impossible 
in  the  wet  way,  such  as  the  sulphides  of  aluminum  and 
chromium.  The  formation  of  the  sodium  aluminate  in 
solution  is,  of  course,  carried  on  in  the  cold.  The  moment 
you  apply  heat  you  have  hydrolysis,  and  precipitation  of 
the  aluminum  hydroxide.  I  ^\'as  w(»ndering  whether  the 
formation  of  the  aluminate  in  the  dry  way  might  be  simi- 
lar to  the  formation  of  the  sulphides,  or  whether  the  exis- 
tence of  sodium  aluminate  and  potassium  aluminate  in 
glass  is  purely  hypothetical.  Have  you  any  very  good 
proof  that  they  do  exist  as  aluminates? 

}fr.  Friiil-:  As  far  as  the  existence  of  the  A'arious 
silicates  in  combinations  in  any  piece  of  glass  is  concerned, 
I  do  not  believe  anybody  can  go  to  A%'ork  and  pick  up 
silicate  of  lime  or  silicate  of  lime  and  soda  or  any  other 
combination.  The  nearest  I  have  ever  got  to  it  is  by  etch- 
ing. Tn  making  etchings  on  the  glass  sometimes  I  imagine 
T  find  these  different  silicates,  but  whether  th.ey  are  or 
not  I  have  as  yet  no  way  to  prove. 

Mr.  Orton :  What  do  you  think  about  the  presence  of 
SO.,  in  this,  Professor  Silverman? 

Mr.  Silverman:  There  is  another  point  on  which  I 
have  had  absolutely  no  experience  in  glass.  To  be  frank, 
I  have  never  looked  for  it.  T  suppose  if  we  think  about  a 
substance  long  enough  we  can  almost  imagine  it  present, 
and  if  we  are  firmly  convinced  of  its  absence  we  may  not 
be  so  much  interested  in  looking  for  it.  That  has  hap- 
pened to  analytical  chemists  time  and  again.  In  fact,  not 
long  ago  we  had  occasion  at  a  meeting  of  the  cjiemical 
society  to  show  a  lot  of  analyses  of  slag  and  limestone, 
and  the  variety  of  results  obtained  by  35  or  40  chemists 
Avas  almost  alarming.     It  depends  upon  personal  manipu- 
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lation  and  point  of  view.  Tliere  is  a  point,  however,  that 
can  hardly  be  questioned,  and  that  is  precipitation  of  the 
SO3  by  barium  chloride  solution.  If  you  then  treat  your 
substance  witli  livdrochloric  acid  you  cannot  lose  any  sul- 
phates that  are  present.  If  there  is  any  danger  of  losing 
SO;;  Avhich  might  be  confined,  yon  might  add  a  fluoride 
before  you  treat  Avith  hydrochloric  acid. 

Another  point  regarding  this  formation  of  aluminate. 
There  seems  to  be  little  q^uestion  that  sodium  and  potas- 
sium aluminates  are  soluble  in  cold  water,  and  it  seems  to 
me  that  if  the  glass  were  ground  to  a  >er3^  fine  ])OAyder  and 
leaclied,  these  aluminates  would  be  dissolved, 

M7\  Fiink:  By  referring  to  my  last  paper  you  will 
note  in  the  table  tests  that  were  made  to  get  the  solubility, 
and  how  that  solubility  was  determined,  and  you  will  find 
the  percentage  of  what  was  dissolved  very  low,  but  the 
8oda  runs  high  in  the  solution.  The  alumina  I  must  con- 
fess, I  have  never  looked  for.  That  is  a  new  thought  to  me. 
It  has  ne^er  occurred  to  me  in  that  connection,  and  I  A^iil 
try  this. 

There  is  another  point  on  which  I  would  lilce  to  ask 
Professor  Silverman's  opinion.  In  speaking  of  the  aimly- 
sis  of  glass  by  hydrofluoric  acid  and  stating  there  is  no 
chance  of  losing  any  sulphate  thereby,  how  would  you  dis- 
pose of  youi-  silica  chloride  and  fluoride  com]>ound,  witli- 
out  using  sulphuric  acid? 

Mr.  Silverman  :  You  might  possibly  be  able  to  drive 
them  out  by  the  use  of  another  acid.  I  cannot  answer  you 
definitely,  but  it  seems  to  me  that  your  chloride  might  be 
decomposed  without  sulpliuric  acid.  If  you  fuse  your 
glass  with  alkali  carbonates  you  have  sufficient  alkali  to 
take  up  any  sulphate  that  is  contained  or  any  SO:.,  '^d 
the  temperature  of  the  fusion  would  hardly  be  sufficient 
to  decompose  any  sulj)hate  formed. 

Mr.  Frinl-.  I  have  also  used  tlie  Smitli  method,  the 
decomposition  of  glass  with  amnioniujii  cliloiidc  and  cal- 
cium carbonates. 
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Mr.  TalaJtasJt! :  About  nsiii.<»'  wet  sand,  T  do  not  vo- 
meinber  wliat  statement  Mr.  Frink  made  last  year,  bnt  I 
know  it  is  done.  Damp  sand,  T  suppose,  applies  to  ernshed 
sand  rock,  the  dampness  of  which  comes  from  the  damp- 
ness of  the  natural  rock.  I  know  a  mixer  who  adheres  to 
use  of  wet  sand,  and  when  he  cannot  g'et  a  damp  sanrl  he 
pours  water  on  the  sand.  Home  claim  that  dampening 
sand  makes  a  better  mix,  but  I  do  not  see  any  adyantage 
except  it  prevents  the  dust  of  the  soda  and  lime  flying  into 
.tlie  air  and  making  it  very  disagreealde  for  men  to  wtn-k. 
Also  it  will  help  to  prevent  dusting  off  during  charging. 
Of  course,  adding  water  takes  more  fuel  during  heating 
up,  but  1  found  that  the  cost  of  the  extra  fuel  required  is 
rather  insignificant  in  ordinary  cases. 

About  the  magnesia,  I  never  had  any  particular  test 
made,  so  I  could  not  say  definitely,  but  I  agree  with  Mr. 
Gelstliarj)  that  tlie  difficulty  comes  from  tlie  variation  of 
the  composition  rather  than  from  the  fact  of  the  presence 
of  magnesia.  I  think  we  can  use  high  magnesia  satisfac- 
torily if  we  give  sufficient  heat  to  melt  it,  provided  its 
amount  is  sufficiently  constant. 

Mr.  Friul{:  I  think  in  regard  to  magnesia  that  ^Mr. 
Oelstharp  and  ]Mr.  Takahashi  liave  mistaken  wliat  T  have 
said  in  my  paper,  that  it  was  only  variations  of  magnesia 
content  that  caused  trouble. 

Mr.  Sfalei/ :  T  have  seen  them  pour  water  on  tlie 
sand,  though  I  saw  you  all  smile  when  he  said  that,  but  it 
is  not  any  joke.  Tn  the  first  place  working  with  anything 
like  smla  ash  entails  a  lot  of  discomfort  to  the  workmen, 
but  not  only  that,  in  making  up  your  batches  I  have  found 
that  it  pays  in  dollars  and  cents  to  wet  down  the  batch 
before  it  is  put  into  the  furnace,  because  the  inechanical 
loss  of  dust  from  the  batch  is  so  large  that  it  amounts  in 
a  1500  lb.  batch  to  about  fiO  or  TO  pounds,  -^hich  would  be 
about  three  or  four  dollars,  so  it  pays  me  to  put  on  per- 
haps about  four  Imckets  of  water  and  dam]KMi  that  down 
rather  than  to  lose  so  much  dust. 
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Mr.  Frink:  There  is  auotlier  reason  for  wettiiij;'  the 
batch  that  has  not  been  mentioned,  which  might  be  of  in- 
terest to  some  of  you,  and  that  is  wlieii  yon  wet  a.  batch  it 
keeps  closer  together  when  yoii  dump  it  on  tlie  pile,  it  does 
not  spread  out,  and  it  makes  a  very  close  melting  batch. 

M)\  Biinis-:  I  want  to  make  one  point  in  connection 
with  the  use  of  alumina.  JNIr.  Frink  mentioned  the  alumina 
in  the  sand,  and  the  ease  with  which  it  is  dissolved  in  the 
batch  when  in  that  form.  That  is,  the  alumina  in  the  sand 
is  no  objection,  because  it  is  easily  dissolved,  and  in  the 
form  of  kaolin  it  is  not.  We  know  that  kaolin  is  very 
difficult  to  assimulate.  1  think  he  is  wrong  when  he  speaks 
of  the  alumina  in  the  sand  being  colloidal.  It  is  more 
likely  to  be  piesent  as  grains  of  feldspar,  and  T  would  like 
to  ask  in  this  connection  whetlier  any  work  has  been  done 
in  the  direction  of  introducing  alumina  into  glass  batch  in 
the  form  of  feldspar,  and  if  so,  what  difference  there  may 
be  in  the  behavior  of  a  glass  batch  containing  feldspar  and 
one  containing  the  same  amount  of  alumina  present  in  the 
form  of  clay? 

Mr.  Frink:  I  have  tried  those  experiments  in  various 
ways.  As  I  stated,  when  alumina  was  used  in  the  form  of 
clay,  it  was  difficult  to  dissolve  it,  while  in  the  form  of 
feldspar  we  have  already  got  a  natural  combination,  and 
it  goes  into  solution  very  easily  and  inakes  a  very  good 
glass.  But  the  higher  the  feldspar  within  certain  limits 
the  more  liable  we  are  to  have  tough  glass. 

Mr.  Jiiuits:  Difficulty  of  solution  then  is  a  function 
not  necessarily  of  the  alumina,  but  a  function  of  the  form 
in  which  the  alumina  is? 

Mr.  Frink :  That  is  the  idea,  and  that  is  the  reason 
why  T  feel  that  when  sand  is  used  which  carries  alumina 
and  is  a  little  plastic,  it  will  go  into  the  glass  xevj  readily 
and  melt  much  easier  than  any  sand  which  contains  the 
same  amount  of  alumina  by  analysis  l)ut  wliicli  exists 
tirainv  or  in  Hie  foi-m  of  kaolin. 


THE  BEHAVIOR  OF  FIRE   BRICKS  UNDER  LOAD 
CONDITIONS  AT  A  TEMPERATURE  OF  1300  C.^ 

BY 

A.  V.  Bleinixger  and  G.  H.  Browx,  Pittsbm-g,  Pa. 

PRELIMINARY  STATEMENT. 

lu  this  paper  the  writers  are  dealing-  with  the  definite 
problem  of  the  load-earrTing  ability  of  tire  bricks,  and 
they  make  no  claim  that  the  test  desci'ibed  by  them  will 
discriminate  as  to  the  general  usefulness  or  value  of  a 
refractory.  A  material  which  might  make  a  poor  showing 
in  this  test  might  be  useful  for  many  purposes,  whore  the 
strength  at  the  temperature  employed  is  a  minor  consid- 
eration. 

In  the  study  of  the  etfect  of  heat  upon  clays  and  clay 
mixtures,  it  is  necessary  to  keerp  in  mind  the  fact  that  the 
phenomena  of  fusion  are  by  no  means  confined  to  tem- 
peratures close  to  the  so-called  melting  or  softening  point, 
but  manifest  themselves  already  at  heats  hundreds  of  de- 
grees below  the  stage  of  viscous  fusion.  In  fact,  we  can 
say  that  clays  and  and  clay  mixtures  do  not  possess  a 
definite  melting  point,  lii  testing  a  specimen  of  fire  clay 
or  of  fire  brick,  fusion  is  said  to  have  taken  place  when 
the  test  pyramid  or  specimen  has  softened  sufficiently  so 
that  its  edges  are  rounded,  and  it  has  bent  over  in  the  well 
known  manner.  As  a  matter  of  fact,  for  all  practical  pur- 
poses, a  fire  brick  would  have  been  comi)letely  distortei], 
and  would  have  shown  all  signs  of  fusion  at  considerably 
lower  temperatures  owing  to  its  inability  to  support  its 
own  weight.  It  is  simply  due  to  the  viscosity  of  the  mass 
and  to  the  fact  that  no  load  is  imposed  upon  it,  that  it  does 

'  By  permission   of   the  Director,   U.   S.  Geolosieal   Survey. 
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not  show  the  distortion  coincident  witii  softeninj^-.  It  is 
evident,  therefore,  that  the  determination  of  tlie  so-called 
melting  point  of  a  clay  or  fire  brick,  though  ns(;fnl  in 
differentiating  between  Ioav  and  high  grade  materials, 
does  not  offer  a  reliable  means  of  expressing  the  entire 
refractor}^  behavior. 

Thns  Pnrdy^  found  the  fusion  }>oints  of  evidently  in- 
ferior clays  to  be  quite  high.  He  reports,  for  instance,  a 
clay  of  the  formula  5.1  SiO.  •  ALO,,  ■  0.046  Fe,0,  •  0.09  Ti( ), 
to  have  a  "fusion"  point  corresponding  to  cone  32.  Simi- 
lar  results  have  bee]i  obtained  in  tiic  Survey  laboratory  at 
Pittsburg. 

The  function  of  viscosity  in  extending  the  softening 
period  is  clearly  recognized  by  all  who  have  worked  with 
silicates. 

Thus  Day  and  Allen,-  in  their  investigations,  bring 
(.ut  this  point  very  clearly.  Doelter,  and  his  students  in 
fact,  have  endeavored  to  detei-miue  the  viscosity  of  differ- 
ent silicates  at  various  temperatures.  Vogl,  likewise,  has 
songht  to  correlate  the  viscosity  of  fuswl  magma  with  tlic 
se(piem-e  and  velocity  of  crystallization. 

Greiner^  determined,  by  means  of  a  specially  con- 
structed apparatus,  the  viscosity  of  mixtures  of  NaoSiO., 
with  various  other  silicates  at  different  temperatures. 
Tlius,  in  a  inixture  of  Na.O,  SiO.  and  Al-.O..  he  found  that 
the  viscosity  was  greatly  increased  by  the  addition  of  as 
small  an  amount  as  2.5  per  cent  of  AloO;;.  This  is  shown 
graphically  in  Fig.  1,  Avhere  the  abscissie  represent  the 
temperatures  and  the  ordinates  the  relative  viscosity, 
'urvc  I  corresponds  to  tlie  formula  A1..0.  •  12  Xa^O  •  15 
SIO.,  and  Curve  TI  to  AUG,  •  9  Na.>G-  12  SiG,.  If  alumina 
t'  us  increase's  the  viscosity  of  Na.,SiG..,  which  is  one  i-f 
ti  e  most  mobile  silicates,  it  is  evident  that  r]i(>  intern-d 

'  n     Stale  Geol.    Sinvey.   lUill.   No.   4.   p.   133. 

-  The    IsomoriMii.'im    and    Thf^nnal    Properties    of    the    Feldspar,    Carneg:''' 
Inst.,  1905. 

•'  Inang.    Dissertation.    Jena.    IS^OT.    p.    IT. 


BEHAV^IOK  OF  FIRE  BRICKS  UNDER  LOAD  CONDITIONS.  339 


TRANS.  A!V.  CER.  SOC.VOLXII. 


BLEININQER  it    BROWN. 


in^ 


1    ■    1    1    1    1    1    1    1       I." 

T     _ 

E  -    i 

iM^C5i0^)yl2Na,5L0,       jr 

J_ 

'         "         -3       "       1 

1 

! 

1      1      , 

/ 

1 

/ 

/ 

/ 

1 

/ 

/ 

/ 

/ 

1 

' 

/ 

/ 

y 

/ 

1 

/ 

/ 

A 

1 

; 

y 

^ 

y 

y 

y 

^ 

1 

\-'jr 

^ 

r 

^ 

1 

1 

^ 

'     1            1      1      1 

■ — ^ 

Fig  L 

i 

1 

1 

1 

1350°      •  1300° 

Tempcroctu-re  /«   °C- 


1250'' 


1200° 


must  be  very 


iriction  of  highly  alumiiioiis  coml>inations 
high  indeed. 

On  the  other  hand,  the  criticism  raised  as  regards 
melting  point  determinations,  does  not  apply  to  silicious 
mixtures  containing  a  base-like  lime.  In  testing  silica 
brick  it  has  been  found  that  the  melting  point  is  well  de- 
fined, as  we  should  expect  from  our  kiunvledge  of  the 
calcium  silicates.  Such  a  brick  will  stand  up  well  in  the 
fire,  even  under  heavy  loads,  without  deformation,  at  tem- 
peratures at  a  safe  interval  below  its  melting  point.  There 
is  practically  no  flow  until  the  melting  point  has  been 
reached,  when  it  will  suddenly  fuse  to  a  liquid  of  low 
viscosity.  This  is  probably  the  reason  why  silica  brick 
are  now  l)eing  employed  in  many  places  where  load  con- 
ditions are  an  important  factor,  as  in  gas  benches,  etc. 

In  order  to  overcome  the  viscosity  effect  of  the  fused 
mass  it  evidently  seems  desirable  to  bring  about  conditions 
which  will  neutralize  it.  For  this  reason  some  investiga- 
tors have  found  it  advisable  to  apply  a  slight  load  to  the 
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specimens  to  be  examined.  In  some  cases  a  platinum 
weight  is  used  which  is  placed  on  top  of  the  small  cylinder 
or  cone  in  the  furnace.  Howe^  has  suggested  a.  furnace 
jllustrated  in  Fig.  2,  wliich  arrangement  makes  it  possible 
to  measui-c  tlie  rate  of  settling  or  flow  as  well. 

TRANS. /\M.CER.S(?C.VOi_Xll.     BLEININGER  K  Brown. 
u  X 


^i9  ^• 

For  the  solution  of  the  i»robUMii  at  liaiid,  viz.,  the  re- 
sistance of  fire  bricks  to  load  conditions,  it  was  decided 
not  to  appr(»a(li  the  softening  temperature  proper,  at  which 
the  Avhole  mass  becomes  a  viscous  ]i(]uid,  but  to  restrict 
(»nr  woi-k  to  average  furnace  temperatures  at  which  only 
rlie  iiKH-e  fiisilde  silicates  are  softening.  In  the  average 
fire  brick,   coiilaiiiiiig  from  80  to  85'^f    of  flint  <-lay  an:l 


'  Met:illin-gif;il    Laboratory    Not€'S,    p.    50. 
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20  to  159'f  plastic  hmul  clay,  it  is  obviouslv  the  character 
of  the  latter  which  would  deteruiine  the  behavior  of  the 
brick  from  this  standpoint,  since  the  flint  clay  within  this 
region  shows  no  fusing  action  whatever.  In  order  to  bring 
out  the  point  sought,  it  was  evidently  necessary  to  apply 
loads  somewhat  greater  than  those  used  in  practice, 
though  it  was  realized  that  it  must  not  be  excessive. 

DESCRIPTION  OF  TEST, 

In  preparing  for  this  investigation  the  work  of  Lemon 
Parker-    was    consulted,    whose    interesting    results    were 
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found   very   suggestive,    though   in   his   woi'l-c   only   small 
specimens  were  used. 

Since  it  was  thought  advisable  to  use  full  sized  bricks, 
a  furnace  was  constructed  as  illustrated  in  Fig.  3,  Avith  an 
interior  space  of  20''x  20''x  21",  heated  by  means  of  eight 
Fletcher  burners,  which  were  supplied  with  natural  gas 
and  compressed  air.  The  combustion  gases  escape  through 
holes  along  the  back  side  of  the  furnace,  which  consists 
of  a  movable  door  made  from  a  heavy  Avrought  iron  frame 
lined  with  fire  bricks.  This  frame  is  hung  from  two  rollers 
running  on  an  overhead  track,  so  that  it  can  be  easily 
moved.  The  brick  to  be  tested  is  firmly  placed  on  end  upon 
a  heavy  fire  clay  block  about  9  inches  from  the  door,  and 
made  to  set  plumb  by  means  of  fire  clay  mortar.  The  half 
of  a  chrome  brick  is  then  placed  upon  the  test  specimen 
and  on  top  of  it  a  long  cylinder,  made  from  high  grade  fire 
clay  which  extends  through  a  hole  in  the  arch  of  the  fur- 
nace. The  load  is  then  applied  upon  a  cast  iron  knife-edge 
plate  by  means  of  a  steel  I-beam  9  ft.  long,  with  a  distance 
of  three  feet  between  the  pin  taking  the  up-thrust  and  the 
fulcrum,  and  six  feet  between  the  latter  and  the  point  of 
load  application.  The  weight  of  the  beam  is  155  poun<ls. 
The  weight  applied  consists  of  a  wooden  box  containing 
the  necessary  amount  of  iron  shot.  The  beam  was  first 
calibrated  by  means  of  a  platfonn  scale.  The  pin  at  the 
one  end  of  the  beam  passes  through  a  cast-iron  block  slid- 
ing in  a  channel  iron  provided  with  a  slit  and  a  heavy 
fastening  bolt.  On  top  of  the  block  two  bolts  are  arranged 
so  that  it  can  be  lowered  by  loosening  the  fastening  bolt 
and  tightening  up  the  top  nuts.  In  this  manner  the  I-beam 
may  be  kept  level  throughout  the  test,  thus  avoiding  any 
side  strains  upon  the  brick. 

Through  an  opening  in  the  door  a  thcnni»  couple  is 
inserted;  which  is  placed  as  close  to  the  l)rick  as  possible. 
The  junctions  of  the  element  are  placed  in  test-tubes  im- 
mersed in  a  beaker  of  water,  the  temperature  of  which  is 
read  regularly. 
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Before  beginning-  the  regular  tests  it  was,  of  eoiirse, 
necessary  to  determine  the  best  working  temperatures  and 
pressures  for  the  purpose  in  Aiew,  and  in  this  the  exper- 
ience of  Mr.  Parker,  as  given  in  the  article  cited  above, 
was  used  as  a  guide. 

The  first  j^oint  it  was  necessary  to  determine  was  the 
rate  at  which  a  fire  brick  could  be  heated  up,  and  the  time 
required  until  the  interior  of  the  test  specimen  had  as- 
sumwl  the  temperature  of  the  furnace.  For  this  purpose 
a  hole  was  drilled  to  the  center  of  a  l»riek.  A  thermocoupie 
AAas  then  inserted  and  the  hole  well  plugged  up,  leaving 
the  couple  well  covered  for  some  distance  away  from  the 
brick.  Another  couple  was  placed  close  to  the  brick,  but 
not  touching  it.    Fig.  4  shows  the  time-tem^ierature  curves 
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resulting  from  this  test,  which  illustrate  that  after  285 
minutes,  at  the  rate  of  lieating  followed,  the  inside  tem- 
perature was  the  same  as  that  on  the  outside.  vSince  it  was 
I  ecessary  to  conduct  the  test  Avith  reasonable  rapidity,  ow- 
ing to  the  limiteil  hours  during  wliich  jiower  was  aAailabJe; 
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the  time-temperature  curve  shown  in    Fi,i;.   5  was  tiiiaily 
adopted. 

The  temperature  to  which  the  brick  was  to  be  broui>]it 
aad  held  for  one  hour  in  one  series  of  tests  was  taken  to 
be  1300 °C.,  based  on  the  consideration  that  the  more  easily 
fusible  combinations  of  silicate  mixtures  viti'ifv  and  soften 
within  tliis  heat  region.  In  the  second  series  the  temiiera- 
ture  was  raised  to  1350°C.     The  tests  described  in  tliis 
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article  refer  to  the  former  temperature.  As  regards  tlie 
loads  to  be  used,  a  considerable  number  of  preliminary 
tests  were  made  with  pressures  i-anging  from  125  pounds 
to  oO  i)Ounds  per  square  inch,  but  in  the  first  series  a  load 
of  75  pounds  per  square  inch  w^as  employed,  and  in  the 
second,  50  pounds.  The  present  results  refer  to  the  75 
pound  load  condition  maintained  for  one  hour  at  1300°O. 
In  addition  to  the  load  tests,  the  following  fletermina- 
tions  were  made : 
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1.  Ci'usliiiij;  streiigtli  of  the  bricks  on  end  in  the 
cold  condition. 

2.  Chemical  analysis. 

3.  Softening  temperature. 
J:.     Porosity. 

5.     True  specific  gravity. 

G.     Decrease  in  water  absorption  on   re-burning 
to  cone  12, 

1.  The  crushing  strength  of  the  bi'icks^  placed  in  the 
nuichine  endwise,  was  carried  on  in  the  usual  way,  pains 
having  been  taken  to  imbed  the  speciinen  in  plaster. 

2.  For  the  purpose  of  the  chemical  analysis,  a  sample 
sufficiently  large  was  obtained  by  breaking  up  two  half 
bricks  and  crushing  them  to  pass  the  TOO  mesh  sieve.  The 
disintegrated  sample  was  allowed  to  flow  in  a  small  stream 
over  a  powerful  magnet  until  all  of  the  particles  of  metallic 
iron  were  removed.  The  analysis  was  carried  on  under  the 
supervision  of  Mr.  P.  H.  Bates,  chemist  in  charge  of  the 
structural  materials  chemical  laboratory,  assisted  by  ^Ir. 
A.  J.  Phillips.  The  methods  advocated  by  Hillebrand  were 
used  throughout  this  work. 

3.  The  softening  temperature  was  obtained  by  chip- 
l)ing  off  sj)eciniens  from  the  bricks  and  placing  them  in  a 
Fletcher  gas  furnace,  using  preheated  compressed  air  and 
natural  gas.  I'^or  the  liigher  temperatures  a  small  carbon 
resistance  furnace  was  employed,  in  which  the  muffle  con- 
sisted of  a  body  containing  859c  calcined  alumina  and 
15%  of  kaolin,  Fig.  0.  This  furnace  was  found  very  satis- 
factory for  the  purpose.  Seger-Orton  cones  were  used  for 
the  determination  of  the  temperatures.  The  results  were 
checked  in  each  case. 

4.  The  porosity  was  determined  by  obtaining  the 
weight  of  a  dry  piece  of  the  brick,  the  weight  of  the  same 
specimen  saturated  with  Avater  by  boiling  in  vacuo  and  the 
suspended  weight.  The  results  checked  practically  with 
the  porosity,  calculated  from  the  true  and  apparent  specific 
gravities. 
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5.  Tlie  true  specific  ij;i-avity  \\as  obtained  from  50 
<»Tam  samides  of  the  pulverized  bricks,  under  the  custo- 
mary jtrecautions  as  to  the  removal  of  air  by  boiliii"  in 
vacuo  and  making  corrections  for  the  final  temperature 
of  the  water. 

().  The  original  weighed  bricks  in  tiiis  case  were 
tested  for  water  absorption  by  placing  them  thitwise  in  a 
covered  tank,  containing  li/.  incli  of  water,  for  48  hours. 
After  weighing  they  were  dried  and  burnt  in  a  down-draft 
test  kiln  to  cone  12.  They  were  then  again  immersed  as 
before,  and  the  A\'ater  absorption  determined. 

In  tliis  work  20  brands  (►f  fire  bricks  were  test(Ml,  and 
e;i:-h    manufacturer   was   requested    to    fiirnish    20    bricks. 
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The  ^^^iters  desire  to  take  this  opportunity  for  thankinj;' 
the  various  companies  for  their  co-operation,  and  the  in- 
terest taken  in  this  work. 

RESULTS  OF  TESTS. 

In  Table  I  the  cliemical  analyses,  as  well  as  the  calcu- 
lated empirical  formula,  are  compiled. 

The  results  of  the  physical  tests  are  arranged  in  Table 
11,  and  the  data  referring  to  the  load  test,  as  has  been  said 
above,  apply  to  the  load  of  75  pounds  per  square  inch  and 
the  temperature  of  ISOO^C. 
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Fig  7. 


Fio-.  7  represents  the  fracture  resulting  from  tlie 
crusluno-  test  in  the  cold.  The  break  is  normal,  and  ajjjrees 
with  the  theoretical  considerations.  In  the  foUowinj::  plates 
the  photo<>Taphs  of  the  fire  bricks,  after  having  been  sub- 
jctted  to  the  load  test,  are  reproduced. 
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Figs  8,9 JO. 


Fi^sfU2,13. 
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Figs  26,27^28. 


Figs  29,30,31. 
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t'rom  these  it  appears  that  in  the  cases  where.  th<- 
bricks  were  badly  distorted  and  crnslied,  in  each  case  a 
certain  degree  of  softening  took  phace,  as  is  clearly  indi- 
cated by  the  curved  surfaces.  It  is  evident  tliat  these 
bricks  attained  a  viscous  condition  in  ^\hicit  they  were  not 
able  to  carry  the  load  imposed  upon  them,  though  the  lat- 
ter is  small  compared  Avith  the  crusiiing  strengtli  at  the 
atmosplieric  temperature.  In  no  case  is  the  fracture  as 
sharp  as  is  shown  in  Fig.  7.  hut  invariably  clear  evidence 
of  floA\  is  produced. 

In  carrying  on  the  load  test  as  the  tempei-ature  rises, 
the  beam  is  first  raised,  due  to  the  expansion  of  the  furnace 
bottom  and  the  brick,  a  quiescent  stage  is  then  reached 
after  which,  from  1130  to  1290%  a  wefl  defined  deflection 
begins,  caused  by  the  contraction  of  the  brick.  In  some 
luicks  this  deflection  continues  at  a  very  slow  rate,  or 
reaches  a  condition  of  equilibrium  some  time  after  tlie 
temperature  has  been  raised  to  1300".  This  kind  does  not 
fail  under  the  conditions  of  the  test,  and  the  later  deflec- 
tion starts  the  more  apt  is  the  brick  to  stand  up.  The 
materials  fiiilinii  under  this  test  show  a  more  or  less  eirlv 
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start  ji»  settliiii*',  and  the  rate  at  whirli  tbis  takes  place 
increases  with  the  temperature,  till  tinally  it  heconies  so 
rapid  that  it  is  inijiossible  to  keep  the  heaiii  level.  Failure 
tlieii  is  merely  a  mntter  of  minutes,  and  takes  place  very 
suddenly.  In  evtM'v  case,  therefore,  softening  precedes 
failure.  AVith  a  third  kind  of  material  (of  silicious  com- 
position, low  in  fluxes)  the  rise  in  height  remains  station- 
ary for  quite  a  while,  followed  by  a  long  quiescent  period. 
After  the  maximum  temperature  is  reache<l  a  very  slow 
and  gradual  settle  takes  place,  which  is  quite  small  and 
decreases  in  rate  as  the  temperature  is  kept  constant.  Sucli 
materials  remain  perfectly  straight,  and  shrink  hut  a  small 
amount. 

Undoubtedly  some  of  the  bricks  tested  \\ould  haxe 
been  deformed  badly  on  long-  time  tests,  which  it  was  im- 
possible to  carry  out  under  the  conditions  of  the  plant,  but 
in  several  cases  where  the  time  of  testing'  was  extended 
considerably  a  kind  of  equilibrium  seemed  to  be  reached, 
after  which  no  observable  changes  took  place.  It  is  very 
likely  that  in  these  cases  solution  of  the  more  refractory 
portion  of  the  brick  took  place,  which  stiffened  uj)  the 
bonding-  material. 

Inspection  of  the  failures  shows  plainly  that  the  more 
refractory  flint  clay  has  not  softened  to  the  slightest  ex- 
tent. The  grains  have  lost  none  of  their  original  identity. 
They  seejned  to  ha^e  slid  upon  each  other,  the  bond  clay 
acting  analogously  to  a  lubricant.  From  this  it  follows 
that,  no  matter  liow  excellent  the  major  constituent  of  the 
brick  nmy  be  as  to  refractoriness,  if  tlie  bond  clay  is  defi- 
cient the  load  can-ying  power  of  the  product  is  impaired. 
In  other  words,  as  far  as  tbis  property  is  concerned,  a  tire 
brick  is  not  any  l)etter  than  its  weakest  constituent. 

It  is  ol>serv(Ml  tliat  tliece  is  some  rough  relation  be- 
tween the  softening  teiii])ernture  and  tlie  ability  of  the 
bricks  to  stand  up  un<1er  this  test,  but  it  is  also  seen  that 
thi^  is  not  true  uiKiualifieclly.  Te^st  No.  10  is  one  of  the 
decided  exce])ti(>ns.     The  finlur<\s  not  only  sliow  a  softening 
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point  l>elow  cone  30  but  also  a  certain  liioh  content  of 
Huxes,  i.  e.,  K.O,  Xa.O,  MgO,  CaO  and  FeO.  On  the  other 
hand,  while  a  brick  may  soften  below  cone  30,  if  its  content 
of  RO  constituents  is  low  it  will  resist  the  conditions  of 
the  load  test  without  difficulty.  In  No.  24.  we  have  an 
illustration  of  this  kind,  and  many  silica  brick  show  similar 
results.  Xevertheless,  it  seems  quite  clear  that  the  load 
test  is  in  a  measure  a  determination  of  the  refractoriness, 
in  spite  of  the  low  temperature  at  which  it  is  conducted. 
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No.  19  is  not  properly  placed  in   this  chart,  as  will  be  seen  by  reference 
to   Table  I.— Editor. 


In   Fiji".  34  the  failures  due  to  the  crusliing-  of  the 
bricks  are  ])lotted,  and  it  is  observed  at  once  that  the  most 
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siiiiiificaiit  factor  seems  to  l)e  the  RO  content.  It  is  not  to 
be  expected  that  a  sharp  division  line  exists  between  the 
area  of  failure  and  that  of  satisfactory  load  carrying  abil- 
ity, since  in  some  cases  the  FeO,  which  constitutes  part  of 
the  RO,  may  be  present  in  the  form  of  larger  grajug^  [n 
Avhich  condition  it  is  not  detrimental.  The  fact  is  again 
shown  that  neither  the  softening  temperature  nor  the 
chemical  analysis  alone  produces  tlie  information  brought 
out  by  the  load  test.  Given  all  three  of  tliese  data,  how- 
ever, a  very  good  presentation  of  the  refractory  resistance 
of  a  fire  brick  is  obtained. 

Examining  the  question  from  the  chemical  standpoint, 
and  assuming  that  the  fire  brick  body  consists  of  a  refrac- 
tory constituent  corresponding  in  composition  to  the  kao- 
lin formula,  and  of  a  more  fusible  cementing  component, 
the  following  method  might  be  pursued,  taking  for  example 
one  of  the  failures,  say  sample  No.  4.  The  entire  brick,  on 
calculation  from  the  average  analysis,  possesses  the  em- 
pirical formula  :  0.019  NaoO.  0.030  K.,0,  0.036  MgO,  0.026 
CaO,  0.14  FeO,  0.054  TiOo,  1.00  ALO,,  2.485  SiO,.'^  Assum- 
ing that  the  alkalies  are  derived  from  feldspar,  tlie  alumina 
corresponding  to  0.019  -f  0  030  alkali  is  0.041)  equivalent. 
Deducting  this  from  1  we  obtain  0.051  equivalent  of  clay 
substance,  AAhich  contains  1.902  equivalent  of  silica.  Sub- 
tracting this  from  2.485  leaves  0.583  silica.  Beside  0.951 
equivalent  of  pure  clay  base,  this  would  leave  the  rest  of 
the  constituents  to  form  the  more  fusible  mixture:  0.019 
NasO,  0.030  KoO,  0.036  MgO,  0.026  CaO,  0.14  FeO,  0.049 
AI0O3,  0.583  SiOo.  Throw  ing  this  into  another  formula 
with  EO  equal  to  unity,  we  obtain:  KO  •  0.195  Al,(),  • 
2.322  SiOo.  It  is  the  amount  and  character  (fusibility 
and  viscosity^  of  this  mixture  whicli  should  govern  the 
refractory  behavior  of  the  product  uiuler  load  conditions. 
From  a  rough  estimate,  it  Avould  seem  that  this  composi- 
tion is  analogous  to  a  quite  fHsil)le  clay  or  acid  slag,  with 
comparatively  low  viscosity.  The  aiiKnint  of  this  mixture 
miurht  be  cabulated  as  f(il](>v.s: 
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0.049-37.35=  1.83%  A1..0, 
0.583 -54. 58  =  12. 83%  SiO.. 
3.69%  Fed 


2.485  0.54%   CaO 

0.53%   MgO 
1.02%   KO 
0.42%   Na.O 


20.86% 


111  this  case,  tlieii,  the  fusible  silicate  luixture  of  the 
formulua  KO  •  0.195  AI2O3 ;  2.322  SiOo  would  coustitute 
20.86 7f  of  the  total  weight  of  the  brick  l)o<ly,  sufticient  to 
cause  it  to  behave  as  it  did  in  the  load  test.  In  this 
theoretical  speculation  we  must  keep  in  mind  that  the 
effect  is  more  marked,  owing  to  the  heterogeneous  mixture 
of  the  assumed  pure  flint  and  impure  bond  clay.  The  more 
thoroughly  the  two  materials  are  ground  and  blended  to- 
gether the  better  would  the  body  behave  in  the  load  test, 
until  finally  the  effect  would  be  that  corresponding  to  a 
single  clay  of  the  average  composition,  though  even  in  this 
case  it  would  remain  a  somewhat  inferior  material,  owing 
to  the  h.igh  content  of  fluxes.  The  more  impure  the  bond 
clay,  therefore,  the  more  complete  and  intimate  should  the 
mixture  be. 

An  analysis  of  the  relation  between  the  initial,  cold- 
crushing  strength  and  the  load  behaAdor,  shows  no  appar- 
ent connection,  but  the  fact  is  brought  out  that  low  inital 
strength  is  a  handicap.  Bricks  Xos.  4  and  11  are  examples 
of  this  observation.  While  Xo.  4  would  have  failed  irre- 
spective of  its  cold-crushing  strength,  the  failure  was  more 
complete  on  account  of  its  weakness,  and  Xo.  11  in  all 
probability  would  have  shown  a  very  much  smaller  con- 
densation, in  fact,  would  have  stood  the  test. 

The  hardness  of  burning  in  a  general  way  is  a  factor 
worthy  of  consideration.  Although  burning  to  a  high  tem- 
perature cannot,  in  the  nature  of  the  case,  effect  any  fun- 
damental change,  and  cannot  convert  a  low  grade  material 
into  a  good  one,  our  work  has  shown  that  well  burnt  bricks 
stand  up  better  than  soft  burnt  products.  This  is  due,  not 
only  to  the  greater  compactness  of  tlie  Iwxly,  but  also  to 
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the  cliaiige  in  tlic  coinj^ositiou  of  the  boixliiiu  inatcj-ial 
where  such  is  used.  In  other  words,  hard  burnini;-  will 
eause  the  plastic  cla}',  usually  decidedl}'  less  refractory 
thau  the  flint,  to  dissolve  some  of  the  fine  part  of  the  better 
material,  thus  increasing  its  own  refractoriness  and  hence 
its  resistance  to  load  conditions.  For  instance,  No.  26 
would  have  shown  up  better  if  it  had  been  burnt  harder. 

To  what  extent  other  changes,  such  as  the  formation 
of  sillimanite  at  higher  temperatures,  Avould  have  a  bene- 
ficial effect,  it  Avas  not  attempted  to  determine. 

For  the  purpose  of  selecting  materials  for  Government 
use,  the  tentative  requirement  Avas  made  that  under  the 
conditions  of  this  test  a  0'^  brick  should  not  shorten  more 
than  one  inch. 

The  results  of  the  second  series  of  tests  in  which  the 
load  is  50  pounds  per  square  inch  and  the  temperature 
1350°C.,  are  very  much  like  those  obtained  in  the  first 
series,  but  appear  to  bring  out  more  the  question  of  flow 
due  to  softening  being  somewhat  less  dependent  upon  the 
initial  strength  of  the  brick.  It  is  intended  to  use  the  lat- 
ter conditions  in  all  further  work. 

REFRACTORIES  MADE  FROWI  ONE  CLAY. 

As  to  fire  bricks  made  from  a  clay  material  which  is 
sufficiently  plastic  so  as  to  be  used  alone,  it  is  clear  that  its 
al»ility  to  carry  loads  depends  simply  upon  its  composition. 
Some  of  the  A^ery  best  tests  have  been  obtained  from  ma- 
terials of  this  kind.  This  case  is  the  simplest  and  needs 
no  particular  attention,  since  a  clay  Avill  stand  up  or  fail 
by  A^rtue  of  its  own  quality.  A  pure  clay  of  moderate  plas- 
ticity Avould  be  the  ideal  material  for  the  manufacture  of 
fire  brick.  Since,  hoAvever,  such  clays  are  usually  not  avail- 
able, the  question  of  judging  them  as  to  their  composition 
(leserA'es  some  attention  from  the  standpoint  of  their  load 
carrying  capacity.  From  this  point  of  vieAV  the  most  im- 
portant consideration  is  that  of  the  amount  of  fluxes. 

At   the  higli    temperatni-es   involved,   the  ])r(\^ence  of 
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even  a  small  amount  of  fluxes  becomes  a  potent  factor,  and 
hence  it  is  far  better  to  select  a  cla^'  higher  in  silica  and 
low  in  fluxes  than  a  clay  possessing  the  silica-alumina  ratio 
of  koalin  but  higher  in  fluxes.  The  effect  of  silica  in  lower- 
ing the  refractoriness  of  clays  is  commonly  exaggerated 
as  far  as  practical  results  are  concerned,  and  it  is  usually 
not  necessary  to  reject  a  clay  on  this  account.  However, 
high  silica  and  high  fluxes  make  a  dangerous  combination. 
From  this  it  follows  that  a  clay  fairly  high  in  fluxes,  corres- 
ponding for  instance  to  0.22  BO  •  ALOo  2  SiO.,  would  be 
improved  by  the  dilution  with  a  silicious  material  low  in 
fluxes,  or  even  by  the  addition  of  a  clean  sandstone,  the 
principal  requirement  being  intimate  blending  and  grind- 
ing. 

Ill  regard  to  tlie  fluxes  present  in  a  clay,  the  state 
and  size  of  grain  of  the  iron  is  of  importance,  for  it  is 
evident  that  coarser  grains  of  iron  minerals  will  do  no 
harm,  though  in  the  analysis  they  contribute  their  share 
towards  raising  the  amount  of  fluxes.  An  effort  should  be 
made  to  determine  the  amount  of  such  grains  and  to  make 
the  proper  correction  in  the  analysis. 

The  fluxes  are  an  important  factor  in  the  ability 
of  refractories  to  carry  loads,  inasmuch  as  they  become 
active  at  low  temperatures,  as  has  been  shown  in  the  table 
of  results,  by  forming  easilv  fusible  silicates.  As  the  tem- 
perature rises  increasing  amounts  of  silica  and  alumina 
are  dissolved,  and  it  becomes,  therefore,  simply  a  matter  of 
the  amount  of  this  fused  matter  and  its  viscosity,  whether 
or  not  a  given  refractory  will  stand  up  at  the  temperature 
in  question.  As  the  temperature  rises  or  the  load  is  in- 
creased, a  point  is  reached  where  the  entire  body  becomes 
too  viscous  to  retain  its  shape. 

By  grinding  the  clay  as  coarse  as  possible,  conditions 
are  improved,  as  in  doing  this  the  formation  temperature 
of  the  fusible  silicates  is  raised,  since  the  process  of  solu- 
tion is  hindered,  and  by  these  means  it  may  be  possible  to 
bring  the  product  out  of  the  danger  zone.  In  time,  however, 
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equilibrium  conditions  are  approaclied  closer  and  closer, 
so  that  finally  the  brick  may  fail  under  the  same  condi- 
tions under  which  they  stood  up  at  first. 

BRICKS  MADE  FROM  FLINT  AND  BOND  CLAY. 

In  this  case  we  are  dealing  with  comparatively  coarse 
grains  of  flint  and  fine  grains  of  bond  clay.  These  two 
materials  are  mixed  and  blended  as  far  as  the  processes 
customar}^  at  the  present  time  permit  it.  The  bond  clay 
breaks  up  more  readily,  and  the  plastic  mass  produced  by 
it  cements  together  the  grains  of  flint  clay  and  calcine. 
Assuming  that  the  flint  clay  is  of  good  quality,  the  load 
carrying  capacity  of  the  product  depends  upon  the  bond, 
as  has  been  shown  above.  It  is  evident  that  if  the  flint  is 
inferior  the  product  suffers  accordingly.  These  two  ma- 
terials may  be  considered  from  the  standpoints  of  chemical 
composition,  vitriflcation  range  and  fineness  of  grain. 

Flint  Clay. 

This  material,  the  geological  origin  of  which  is  still 
in  dispute,  is  deficient  in  plasticity,  although  by  very  fine 
grinding  it  may  become  sufficiently  plastic  to  be  molded. 
It  is  of  conchoidal  fracture,  often  quite  hard,  and  at  its 
best  approaches  pure  kaolin  in  composition,  being  often 
surprisingly  low  in  fluxes.  Its  drying  shrinkage  is  prac- 
tically nil,  but  in  burning  it  suffers  as  a  rule  a  decided 
contraction  in  exterior  volume.  Its  refractoriness,  when 
pure,  is  A^ery  high.  A  brick  made  from  flint  clay  (by  fine 
and  long  continued  grinding)  is  able  to  carry  higli  load.s. 
The  vitrification  range  of  flint  clay  has  been  well  shown 
in  the  paper  by  Knote,  in  this  volume.  As  far  as  refractor- 
iness is  concerned,  it  is  good  practice  to  grind  it  quite 
coarsely  for  reasons  already  indicated.  The  fact  that  oc- 
casionally it  is  in  part  calcined  does  not  affect  its  refrac- 
tory behavior,  but  simply  corrects  the  shrinkage  suffered 
in  burning. 

The  physical  characteristics  of  flint  clay  are  not  a  I- 
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ways  a  STiiouym  for  high  refractory  quality,  as  the  writers 
have  seen  clays  of  this  type  which  are  decidedly  inferior. 

Plastic  Bond  Clays. 

In  these  materials  a  good  grade  of  plasticity  is  desir- 
able, though  tliis  is  less  important  where  their  refractori- 
ness is  high.  In  clays  of  greater  fusibility  high  plasticity 
enables  the  manufacturer  to  cut  down  its  amount  to  a 
minimum.  In  the  selection  of  a  bond  clay  it  is  evident 
that  its  vitrification  range  should  be  as  long  as  possible, 
i.  e.,  the  temperature  at  which  it  becomes  dense  and  non- 
absorbent  should  be  as  high  as  possible.  The  chemical 
composition  and  inherent  mineral  structure  are  thus  most 
readily  expressed  by  means  of  porosity-temperature  curves, 
such  as  have  been  frequently  described  in  these  transac- 
tions, and  which  have  been  employed  by  Purdy  in  the 
study  of  Illinois  fire  clays.  In  making  such  tests,  the  time 
of  burning  should  approach  as  much  as  possible  the  dura- 
tion of  the  burns  in  actual  practice.  AYhat  has  been  said 
of  the  chemical  composition  of  clays  under  the  head  of 
bricks  made  from  one  clay  applies  also  here.  The  main 
consideration  is  that  the  amount  of  fluxes  be  as  low  as 
possible,  irrespective  of  the  silica  or  alumina  content. 

As  to  fineness  of  gi'ain,  it  might  be  said  that  the  grind- 
ing should  not  be  carried  any  farther  than  is  necessary  to 
develop  good  plasticity. 

Improvement  of  Bond  Clay. 

If  a  flint-bond-clay  mixture  should  prove  unsatisfac- 
tory as  regards  its  ability  to  carry  loads,  the  first  step 
would  be  to  cut  down  the  amount  of  plastic  clay  if  possible. 
If  this  should  not  be  possible  or  beneficial,  the  plastic  ma- 
terial could  be  improved  by  grinding  it  intimately  with  a 
portion  of  the  flint  clay  to  such  a  degree  of  fineness  as 
would  insure  tliorough  incorporation.  This  could  be  done 
by  dry  or,  preferably,  wet  grinding.  In  the  latter  case 
it  might  be  possible  to  pug  the  additional,  coarser  flint  clay 
into  the  slip,  wliich  naturally  would  be  maintained  as  thick 
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as  jjossible.  The  finely  groimd  flint  would  not  remain 
inert  but  would  be  sure  to  possess  some  plasticity. 

Another  alternative  Avould,  of  course,  be  tlie  sul)- 
stitution  of  another  clay  for  the  unsatisfactory  plastic 
bond.  Since  not  infrequently  silicious  clays  are  at  hand, 
this  might  prove  feasible,  even  though  the  amount  of  bond- 
ing material  would  have  to  be  increased.  Where  the  flint 
clay  is  becoming  scarce,  it  might  l)e  possible  to  find  some 
soft  sand  rock  which  could  be  ground  into  the  plastic  bond 
clay,  and  Avliich  would  thus  improve  its  behavior  under  load 
conditions. 

By  some  such  means  as  have  been  indicated  here,  it 
Axould  not  seem  a  difficult  matter  in  most  cases  to  manu- 
factui-e  products  fulfilling  all  reasonable  conditions  as  to 
crushing  strength  at  the  usual  furnace  temperatures.  In 
addition,  by  paying  attention  to  the  sizing  of  the  ground 
clays,  so  as  to  produce  as  dense  a  structure  as  possible,  by 
the  use  of  less  water  or  by  adopting  dry  pressing,  the  load 
carrying  ability  of  the  brick  is  increased.  Likewise,  burn- 
ing at  a  higher  temperature  assists  in  bringing  about  the 
saiiit'  result.  Experiments  carried  on  by  the  writers  have 
slunMi  that  harder  burning  has  increased  the  strength  of 
fire  )>ricks  appreciably. 

CONCLUSIONS. 

1.  The  softening  temperature  of  fire  brick  specimens 
is  not  a  safe  criterion  of  the  resistance  to  load  conditions 
at  tlie  average  furnace  temperatures.  The  same  is  true  of 
the  chemical  analysis.  By  means  of  both  the  so-called 
melting  point  and  the  chemical  analysis,  the  load  behavior 
may  be  approximated.  This  cannot  take  the  place,  how- 
ever, of  a  direct  test.  The  RO  constituents  (including  the 
iron  as  FeO  i  should  be  as  low  as  possible,  and  for  best 
results  should  not  exceed  0.22  equivalent.  The  content  of 
fluxes  is  more  important  than  the  silica  content. 

2.  The  test  described  appears  to  fulfill  the  require- 
ments of  a  load  test  for  fire  brick,  since  the  I'esults  are 
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consistent  and  admit  of  close  checking.  It  is  recommended 
that  the  load  be  tiftv  pounds  per  square  inch  and  the  tem- 
perature 1350  (J.  A  No.  1  brick  should  show  no  marked 
deformation  and  should  not  be  shortened  more  than  one 
inch,  for  the  standard  nine  inch  length.  The  test  estimates 
in  a  measure  the  refractoriness. 

3.  From  the  results  of  this  test  it  appears  that  the 
amount  and  fusibility  of  the  least  refractory  clay  consti- 
tuent govern  the  behavior  of  the  brick  under  load.  Im- 
provement will  result  by  grinding  the  less  refractory  clay 
intimately  with  flint  clay  or  even  silicious  materials,  low 
in  tiux,  improving  the  density,  and  by  harder  burning. 

DISCUSSION. 

Mr.  Parlcer:  I  certainl3^  take  a  great  interest  in  the 
pai)er  of  Professor  Bleininger,  as  I  at  one  time  undertook 
to  make  investigations  of  this  very  kind,  but  all  were  at 
higher  temperatures  and  with  smaller  loads.  We  were 
having  trouble  which  was  attributed  to  shrinkage,  and  I 
Avas  soon  satisfied  that  it  was  from  some  other  cause.  I 
would  like  to  see  these  experiments  carried  a  little  further 
and  at  higher  temperatures,  which  would  result  in  data  of 
very  great  value. 

-I//'.  Hipp :  I  would  like  to  mention  that  recently  we 
have  done  some  work  along  this  line,  although  our  appli- 
ances were  nothing  like  Professor  Bleininger's.  I  would 
like  to  ask  whether  Professor  Bleininger  thinks  that  the 
viscosity  temperature,  the  temperature  at  which  the  bricks 
become  viscous,  has  any  direct  bearing  on  the  strength  that 
the  bricks  might  Avithstand? 

Mr.  lilciniuycr:  It  appears  that  the  viscosity  of  the 
brick  at  lower  temperatures  is  the  principal  cause  of 
failure. 

Mr.  Hipp :  Do  you  think  burning  the  brick  harder  in 
manufacture  would  increase  the  strength? 

-1//'.  BJriiritn/cr:  I  think  so.  It  would  tend  to  hold  it 
up  at  higher  temperatures. 
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,]Jr.  Naiiisaij:  As  I  niiderstand  Mr.  Bleininger's  re- 
marks, the  higher  tlie  crush iiig-  strength  the  better  it  will 
stand  the  heat.  Take  for  illustration  a  lire  cla}",  grind  it 
very  fine,  and  burn  it  in  a  kiln  at  a  very  high  temperature. 
Will  that  brick  stand  more  iiot  crushing  strain  than  the 
brick  that  is  not  ground  fine? 

Afr.  Bleinmger :  Given  two  bricks  of  equal  refractori- 
ness, the  one  with  the  greater  initial  compressive  strength 
will  have  somewliat  of  an  advantage.  Fine  grinding  does 
not  necessarily  mean  a  decrease  in  porosity,  but  rather  the 
reverse.    The  jiores  are  smaller  but  the  porosity  is  greater. 

Mr.  Rainf<ay:  With  coarse  ground  material  the  dis- 
tance between  the  particles  is  greater  than  with  fine 
gi'ound.  Under  the  heat  conditions  it  takes  longer  to  come 
in  contact  as  they  are  further  apart. 

Mr.  Blemiuger:  We  must  reraem])er  that  where  flint 
clay  is  used  in  making  fire  bricks  we  are  dealing  with  two 
materials,  the  flint  clay  and  tlie  bond  clay.  The  latter  is, 
as  a  rule,  very  much  finer  than  the  former.  By  a  suitable 
combination  of  coarse  and  medium  fine  flint  and  fine  bond 
clay,  the  greatest  initial  strength  is  produced.  It  is  evident 
that  the  more  porous  a  brick  is  the  less  solid  material  it 
has  to  sustain  the  load.  The  coarser  the  clay  is  the  longer 
it  will  resist  the  heat  effect,  but  we  must  remember  that 
in  furnaces  operated  continuously  ^^•e  have  a  long  time 
effect.  It  is  obvious,  however,  that  the  bond  clay  cannot 
be  coarse  since  this  would  defeat  the  purpose  for  which  it 
is  used.  The  weak  point,  therefore,  is  with  the  bond.  If 
the  latter  is  of  high  grade  the  brick  will  stand  under  the 
load,  if  not  it  will  fail.  But  I  lia^  e  shown  dearly  how  the 
product  may  be  improved  if  the  bond  should  not  be  of 
first  quality. 

Mr.  Ram  say:  I  wish  to  bring  out,  if  possible,  what 
relation  the  cold  crushing  strain  will  have  to  tlie  hot  crush- 
ing strain? 

Mr.  Blriniiif/er:  There  is  very  little  relation.  If  a 
brick  is  physically  weak   under  ordinary  burning  condi- 
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tions  and  is  defective  in  composition,  you  can  improve  that 
material  somewhat  by  making  it  stronger,  but  it  will  not 
be  a  fundamental  remedy. 

Mr.  Ramsay.  In  other  words,  if  one  brick  is  soft 
burned  and  one  is  hard  burned,  the  hard  brick  will  stand 
the  greater  heat? 

Mr.  Bleininger :  Hard  burnt  fire  bricks  seem  to  stand 
up  better  than  soft  burnt. 

Mr.  Hamilton :  In  Professor  Bleininger's  investiga- 
tion he  has  found  that  the  less  refractory  brick  stood  the 
greater  test  when  cold? 

Mr.  Bleininger:  The  cold  strength,  as  I  have  said 
before,  has  direct  relation  to  the  strength  in  the  furnace. 
We  have  tested  highly  refractory  materials  that  showed 
a  good  strength  when  cold, 

Mr.  Hamilton :  And  while  the  photographs  do  not 
show  up  as  badly  in  the  hot  tests,  that  is  the  less  refi'ac- 
tory  brick.  Xow,  we  make  a  brick  that  we  think  is  very 
highly  refractory.  That  would  be  a  rough  grained  brick 
containing  a  binder  of  20%  of  plastic  clay.  That  brick 
would  be  very  porous  and  I  take  it  that  the  hot  strain 
would  be  very  low,  but  at  the  same  time  that  brick  would 
stand  a  gi-eater  heat  than  1300  degrees  where  it  did  not 
come  in  contact  with  a  load.  A  brick  containing  flint  and 
bonded  with  30%  plastic  clay  would  not  show  up  as  well, 
but  would  be  a  satisfactory  brick  for  the  roof  of  a  furnace. 
The  thing  that  I  would  like  to  find  out  is,  would  it  be 
better  to  make  a  fine  ground  brick  than  one  coarse  ground? 
Your  experiment  has  not  shown  that. 

Mr.  Bleininger:  I  want  to  say  that  I  think  I  have 
been  misunderstood.  l?y  grinding  the  whole  brick  mixture 
finer  you  of  course  improve  the  standing  up  quality  of  an 
inferior  bond  clay.  But  it  is  not  necessary  to  do  this.  If 
for  instance  you  were  to  grind  the  bond  clay  wdth  some  of 
the  flint  very  fine,  and  then  mixed  this  combination  with 
your  coarser  ground  flint,  as  usual,  you  would  obtain  the 
best  result.     I  say  distinctly  that  I  am  speaking  of  brick, 
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suitable  for  cai-niiig  loads  at  furnace  tempera tui'es,  and 
realize  fully  that  a  brick  may  stand  up  at  a  high  tempera- 
ture if  no  load  is  imposed,  Avhile  it  would  fail  in  this  test. 
There  is  a  very  rough  connection  between  the  ability  of  a 
brick  to  stand  up  under  this  test  and  its  so-called  refrac- 
toriness. A  brick  softening  below  cone  30  would  not  stand 
much  of  a  chance  in  the  load  test. 

Mr.  Parlxcr:  I  think  if  Professor  Bleininger  goes  a 
little  farther  in  his  experiments  he  will  find  that  the  re- 
sults do  not  agree  at  higher  temperatures.  Beyond  1300 
degrees  C.  they  would  not  agree  at  alk  At  least  that  is 
my  experience. 

.'     Mr.  Bleininger:    We  selected  the  temperature  because 
it  is  a  very  common  furnace  temperature. 

Mr.  Parle r:  I  was  compelled  to  go  higher,  and  I 
found  that  one  kind  of  clay  standing  unusually  high  tem- 
peratures was  not  as  good  a  load  carrier  at  a  minimum 
temperature  of  2400°  to  2500°  F.  as  a  less  refractorj^  clay. 

Mr.  Hamilton  :  The  point  is,  I  do  not  think  we  can 
get  a  highly  refractory  brick  sample  and  at  the  same  time 
a  brick  that  will  stand  up  well  under  load  conditions,  be- 
cause you  cannot  introduce  tlie  bond  and  hold  up  with  the 
temperature. 

Mr.  Yates:  At  higher  temperatures  in  the  makiii^Li  of 
fire  brick  you  take  all  the  shrinkage  out  of  your  clay. 

Mr.  Hipp :  I  would  like  to  say  concerning  the  per- 
centage of  plastic  clay  used,  that  v»e  made  some  tests 
recently,  trying  different  amounts,  and  found  that  two 
bricks  of  practically  the  same  refractoriness,  one  contain- 
ing 30%  of  bonding  clay  and  the  other  50%,  showed  con- 
siderable difference  as  to  their  ability  for  withstanding 
the  strain  imposed.  1  would  like  to  ask  Professor  Blein- 
inger whether  in  testing  two  fire  bricks,  each  containing 
a  different  amount  of  plastic  clay  but  the  porosity  about 
the  same  in  each  brick,  the  crusliiiig  strength  would  vary 
to  anv  liTcat  (leiireo? 
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Mr.  BJciiihigcr:  I  cannot  answer  this  question  satis- 
factorily. 

Mr.  Ruinsay:  I  think  you  have  stopped  too  soon.  We 
know  your  position  in  this  line  of  work,  and  our  customers 
would  be  apt  to  take  your  opinion  rather  than  ours,  and  I 
think  sometimes  your  conclusions  are  erroneous.  I  think 
that  sometimes  the  clay  used  in  bond  has  some  effect  upon 
the  brick. 

Mr.  BJcininger:  Of  course,  we  stand  back  of  our  re- 
sults, as  they  have  been  made  with  care,  and  I  cannot  re- 
tract one  word  of  what  I  have  said.  When  ^Iv.  Ramsay 
speaks  of  the  effect  of  the  bond  clay,  I  wish  to  call  atten- 
tion to  the  fact  that  this  is  the  very  thing  which  we  have 
emphasized. 

Mr.  Parl-cr:  I  would  like  to  say  that  at  higher  tem- 
peratures Mr.  Bleininger  will  find  different  results.  At  his 
temperature  they  agree  with  my  experiments.  You  will 
find  at  higher  tempertures  that  an  ordinary  tire  clay  prom- 
ising good  results  as  a  load  carrier,  though  still  far  from 
its  fluxing  point,  may  lose  its  etftciency  in  this  respect, 
while  the  more  refract-ory  clay  will  prove  more  efficient 
with  a  moderate  load  to  a  temperature  much  nearer  its 
fusion  point. 


BARIUM  IN  GLASS. 

BY 

R.  L.  Frink,  Lancaster,  Ohio. 

Does  barium  oxide  add  to  or  detract  from  the  desirable 
properties  essential  to  the  satisfactory  manipulation  of 
glass,  either  by  molds,  free-hand  blowing,  or  the  mechani- 
cal process? 

This  is  a  question  which  I  have  endeavored  to  solve, 
both  in  an  experimental  and  practical  way,  and  while  in 
some  instances  I  have  succeeded  in  demonstrating  tliat 
certain  properties  are  enhanced  by  the  use  of  barium,  in 
others  I  have  met  with  a  series  of  results  which  were  so 
confusing  and  contrary,  as  to  lead  me  to  believe  in  the 
majority  of  instances  this  content  is  not  as  desirable  as 
might  be  expected. 

While  it  is  true  that  barium  gives  to  glass  many  de- 
sirable qualities,  the  principal  of  which  are  increased 
density  and  refractive  index,  considerable  increase  in  the 
elasticity,  tenacity  and  modulus  of  rupture,  the  lowering 
of  the  specific  heat — which  makes  it  very  desirable  for 
many  uses,  such  as  table  ware,  chimneys,  globes,  etc. — yet 
when  melted  in  pots,  or  in  the  tank,  it  has  a  disagreeable 
and  unsatisfactory  Avay  of  separating,  stratifying  and  lami- 
nating, so  that  when  a  lump  is  gathered  and  this  is  worked 
in  any  manner,  it  is  quite  liable  to  show  a  cordy  condition. 
Further,  if  the  barium  exists  in  about  the  right  percentage 
it  devitrifies  very  easily  and  rapidly. 

Some  of  the  salesmen  handling  raw  materials  such  as 
barium  ( arbonate,  make  the  claim  that  100  pounds  of  bar- 
ium will  replace  150  pounds  of  lead,  200  pounds  of  lime, 
and  ir>0  pounds  of  soda,  and  some  of  them  even  go  so  far 

370 
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as  to  say  that  by  the  use  of  barium  the  soda  can  be  re- 
duced 25  per  cent  from  the  normal. 

I  will  be  pleased  to  hear  the  experience  of  any  one 
who  has  had  an  opportunity  to  investigate  this  material 
in  combination  with  silicates  of  lime  and  soda. 

DISCUSSION. 

Mr.  ^'Uverman  :  I  would  like  to  ask  whether  Mr. 
Frink  found  it  possible  to  entirely  replace  lead  by  barium 
carbonate  or  barium  oxide? 

Mr.  Frink:  That  question  is  a  little  bit  ambiguous. 
In  the  replacing  of  lead  by  the  use  of  barium  you  have 
got  to  know  first  what  the  ware  is  to  be  used  for. 

Mr.  Silverman:     For  chimne^^  purposes. 

Mr.  Frink:     Yes  sir,  it  can,  in  1113^  estimation. 

Mr.  Silverman  :  If  that  is  the  case  a  big  problem  has 
been  solved.  In  the  manufacture  of  flint  glass  one  of  the 
greatest  items  of  expense  is  the  loss  of  pots  through  the 
reduction  of  the  lead.  Tlie  lead  seems  to  seek  weak  spots 
in  the  clay,  and  work  its  way  through ;  with  barium  carbo- 
nate reduction  is  rather  difficult,  so  that  if  it  can  be  em- 
ployed for  flint  glass  manufacture  in  the  place  of  lead  the 
manufacturer  would  greatly  profit  by  the  change. 

Mr.  Frink:  Professor  Silverman  touched  on  exactly 
what  I  wanted  to  bring  out  in  that  i)aper.  In  the  use  of 
lead  glass  for  most  all  purposes,  we  have  got  a  condition 
which  is  analogous  to  barium,  that  is  a  non-homogeneity 
of  the  metal  by  the  use  of  this  material.  Barium  has  about 
the  same  tendency  to  do  this  in  my  estimation.  I  have  not 
had  a  great  deal  of  experience  in  pot  manufacture,  but  if 
you  can  overcome  the  seedy  conditions  with  the  barium,  if 
you  can  overcome  that  tendency  to  laminate  or  segTegate, 
you  liave  got  a  glass  that  is  far  superior  to  any  lead  glass 
manufactured  for  chimney  purposes. 

Mr.  Silverman  :  I  would  like  to  ask  whether  zinc 
oxide  would  not  overcome  that?  There  is  a  possibility 
tliat  it  mav,  and  in  tlie  manufacture  of  various  kinds  of 
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rub}'  glass  be  used  to  displace  part  of  the  lead,  I  believe. 
AVlietlier  that  is  another  arbitrary  matter  which  has  been 
handed  down  from  generation  to  generation.  I  do  not 
know,  but  it  may  be  that  zinc  in  displacing  pait  of  the 
barium  would  overcome  that  difficulty. 

There  is  another  advantage,  of  course,  in  the  use  of 
barium  carbonate,  in  that  it  would  eventually  do  a\Aay 
with  the  manufacture  of  glass  in  pots  for  all  ordinary  pur- 
poses. The  present  objection  to  flint  glass  is  that  it  must 
be  worked  in  the  pots,  and  you  cannot  use  the  tank  fur- 
nace. Of  course,  if  the  formation  of  stone  persists  in  a 
barium  glass,  that  of  itself  would  be  an  objection. 

M)\  Frijil-:  In  regard  to  the  formation  of  stone  by 
the  use  of  zinc,  in  my  oj)inion  the  formation  of  stone  in 
barium  glass  is  due  to  the  condition  of  fire.  Barium  sul- 
phate, when  existing  in  any  considerable  quantity  in 
barium  carbonate,  has  a  tendency  to  produce  a  stone  which 
can  be  eliminated  completely  and  without  any  trouble,  if 
the  temperature  is  maintained  high  enough  and  over  a 
sufficient  period  of  time.  Now  as  to  the  question  of  th(^ 
use  of  zinc  to  eliminate  that  condition  in  barium,  I  cannot 
see  where  it  would  do  a  particle  of  good.  There  is  no  com- 
parison, in  my  estimation,  between  zinc  as  usefl  in  a  con- 
dition of  that  kind,  and  zinc  used  in  a  condition  for  mak- 
ing ruby.  When  we  speak  of  zinc  in  ruby  Ave  want  the 
reducing  action  of  zinc  for  something,  especially  when  we 
are  urging  selenium.  In  making  this  ruby  the  use  of 
selenium  is  a  great  trade  secret.  It  is  one  of  the  most 
de,sirable  ruby  producers  that  we  have,  because  its  spec- 
trum is  perfect.  I  cannot  see  how  zinc  would  effect  any 
change  whatever. 

Mr.  ^talc}):  I  would  like  to  ask  Mr.  Frink  if  in  tlie 
use  of  barium  there  is  any  tendency  to  sulphur,  that  is, 
was  the  efflorescence  due  to  sulphur  in  glass  noticeable,  and 
how  do  you  get  rid  of  the  sulphur? 

Mr.  Friiili--.  TIkm-c  is  anotlicr  qucslion  that  (•(•lucs  ii]i. 
At  tlie  time  I  v>"as  ('Xiici-iiiiciif  Iuli  wirli  b;n-iinii   w  c  iri<-1   ii 
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1111(1  ei-  different  conditions.  It  has  no  more  tendency  that 
J  can  see  to  sulphnr  than  otlier  glasses  being  worked  in 
gases  containing  SO  or  SOo.  The  only  way  to  eliminate 
the  sulphur,  in  my  opinion,  is  simply  to  put  tlie  heat  to 
the  batch  high  enough  and  over  a  long  enough  i3eriod  of 
time.  You  cannot  get  it  in  by  means  of  the  fuel,  and  if  you 
get  it  there  it  is  on  the  surface,  but  does  not  take  any  part 
during  the  melting  period,  unless  it  is  present  in  the  glass, 
until  a  certain  point,  about  1500  degrees  Fahrenheit,  then 
it  will  attack  your  glass  and  stay  there,  and  all  the  wor-k 
you  can  do  will  not  take  it  off. 

Mr.  Biuns:  Though  I  have  no  particular  experience 
in  glass  manufacture,  it  has  occurred  to  me  that  the  pres- 
ence of  salt  cake  is  a  source  of  sulphur  which  has  to  be 
taken  into  consideration,  and  I  put  it  up  to  a  glass  chemist 
a  year  or  so  ago,  and  he  told  me  that  through  actual  analy- 
is  he  found  about  three  per  cent  of  SO.-  in  a  finished  glass. 
Does  that  coincide  with  Mr.  Frink's  experience? 

Mr.  Frinlx-.    ^A'ell,  I  should  say  not. 

Mr.  Binns:  I  would  like  to  ask  if  Mr.  Frink  knows 
by  analysis? 

J/r.  Frinlc :     IIoav  niiich  there  is  in  the  finished  glass? 

Mr.  Binns :     Yes. 

Mr.  Frinlc:  Well,  I  have  put  some  pretty  diligent 
search  f(^r  sulphur  in  finished  glass,  and  yet  I  have  been 
unable  to  find  it  only  in  such  small  amounts  that  I  would 
say  it  was  not  near  up  to  that  quantity. 

Mr.  li'nnis:  What  other  explanation  is  there  for  the 
different  behavior  of  soda  ash  and  salt  cake  but  the  pres- 
ence of  SO;;  in  the  glass? 

Mr.  Frinl-.  That  is  a  possible  explanation,  Imt  if  it 
small  (piantities  and  in  actual  fractions  down  to  lOOtli  of 
is  there  our  search  for  sulphur  under  those  conditions  is 
pretty  weak.  Barium  chloride  will  find  sulphui-  in  mighty 
one  per  cent.  That  is  the  only  way  to  be  able  to  find  it  in 
salt  r-ake  cilass,   and    T   Itave  been   after  that   almost   five 
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years,  at  various  times,  to  determine  what  the  difPerence 
is  between  a  salt  cake  and  a  soda  asli  glass,  and  1  get 
identic-all}'  the  same  content. 

A[r.  Bhiih^:  It  has  been  explained  to  me  that  during 
the  boiling  subsequent  to  the  fusion,  which  is  considered 
beneficial  by  clearing  the  glass  of  impurities,  not  all  the 
SO3  is  expelled,  but  a  portion  is  left. 

Mr.  Friiik:  In  answer  to  that  point  I  would  presume 
that  if  there  is  any  such  thing  as  that,  when  we  test  a 
specimen  in  the  microscope,  magnifying  it  to  as  high  as 
2000  diameters,  we  would  likely  find  something  of  that  in 
there,  that  is,  it  would  have  a  tendency  to  refract  the  light 
ray. 

Mr.  Binns :     I  do  not  know  vihj. 
Mr.  FrinJ::     Well,  we  have  a  gas. 
Mr.  Binns :     No,  you  do  not  have  a  gas,  SO3  is  pres- 
ent as  a  sulphate. 

Mr.  Staley  :  If  you  add  barium  sulphate  and  sodium 
carbonate  do  you  get  the  same  sort  of  glass  that  you  do 
with  sodium  sulphate  and  barium  carbonate?  Would  the 
same  ultimate  analysis  give  the  same  sort  of  glass? 

Mr.  Frink:  I  could  not  answer  that.  I  have  never 
used  barium  sulphate  for  a  sufiicient  length  of  time  to 
say.  I  have  known  people  to  take  a  soda  ash  mixture 
and  put  sulphur  in  it,  and  while  that  has  a  tendency  with 
a  carbonate  of  any  kind  to  produce  amber  glass,  at  the 
same  time  if  melted  over  a  long  enough  time  it  can  be 
taken  out. 

Mr.  Stalcij :  One  supposition  that  might  lead  to  the 
discovery  of  the  cause  of  the  fluidity  of  the  glass  contain- 
ing sulphur,  is  that  if  the  sulphur  should  be  there  as  solu- 
tion of  gas,  it  would  make  the  glass  more  fluid,  and  the 
absence  of  the  sulphur  in  the  analysis,  would  mean  that 
the  gas  had  volatized  as  the  glass  solidified.  However,  it 
seems  to  me  if  that  were  the  case  you  would  have  bubbles 
in  a  substance  as  viscous  as  molten  glass. 
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Mr.  Frink:  I  do  not  think  that  would  be  possible 
without  their  showing. 

Mr.  Orton :  There  is  no  doubt  that  it  is  possible  for 
glass  to  hold  sulphur  in  solution  in  the  form  of  sulphates. 
I  have  seen  analyses  myself  that  will  show  the  presence, 
besides  the  historic  case  where  Seger  showed  the  influence 
of  sulphur  on  glazes,  and  found  he  could  get  2.1  percent 
in  an  acid  glass  and  4.5  percent  in  a  more  basic  glass. 

My  recollection  is  not  perfectly  specific,  but  I  recall 
having  seen  a  statement  that  a  lot  of  "skewy"  window 
glass  was  found  to  be  high  in  sulphates  or  undecomposed 
salt  cake.  By  "skewy"  I  mean  glass  which  looks  as  if 
wiped  with  a  greasy  or  soapy  rag,  and  cannot  be  made 
perfectly  clear  and  brilliant  by  washing.  Cheap  bottle 
glasses  also  show  the  same  trouble.  If  the  salt  cake  is 
not  fully  decomposed,  the  glass  will  efflorescence  or  break 
do\\n  more  easily  under  the  attack  of  weather. 

Mr.  Frink :  Of  course,  my  experience  has  been  en- 
tirely from  the  practical  direction  in  that  way,  taking 
glass  from  a  tank  furnace  solely.  Only  a  few  weeks  ago  I 
had  a  sample  sent  to  me,  a  sample  of  a  bottle  which  would 
turn  white.  The  efflorescence  was  very  pronounced.  The 
outside  showed  what  we  call  a  faded  color.  We  went 
through  those  very  carefully  to  see  just  where  the  trouble 
was.  They  brought  up  the  same  question,  that  they 
thought  it  was  because  they  were  using  salt  cake  instead 
of  soda  ash.  If  I  am  correct,  the  sulphur  content  showed 
soinetliing  like  .032,  very  small.  But  the  soda  content  was 
18  percent,  and  therefore  there  was  no  reason  why  it 
should  not  show  efflorescence. 
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BY 

George  Simcoe,  Trenton,  N.  J. 

l.afelv  I  have  learned  of  a  method  employed  to  elimi- 
nate the  laminations  developed  in  pugging  very  plastic 
clay — such  for  instance  as  shown  in  Vol.  XI,  Trans.  A.  C. 
S.    The  process,  as  I  understand  it,  is  as  follows: 

In  the  nose  of  an  ordinary  horizontal  pug  mill  is 
placed  a.  revolving  mandril,  rolling  the  clay  as  it  is  forced 
from  the  nose  of  the  mill  thus  : 

TR  ANb.  AMCER.  &0C.  VOLXII.  ^IMCOE 


^  [fetch  No  J. 


After  tlie  tube  thus  formed  comes  out  it  is  split  and  cut  in 
to  such  sizes  as  are  suited  for  ware. 

Tlie  result  of  this  method  may  be  very  good  for  the 
manufacture  of  ware  not  requiring  a  large  thick  piece  at 
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the  start.  It  is  similar  to  tlie  German  method  of  rolling 
the  clay  with  a  rolling  pin  instead  of  batting  it  out.  How- 
ever, I  have  a  plan  to  submit  that  I  think  is  at  least  worthy 
of  discussion,  and  which  may  be  briefly  described  as  fol- 
lows : 

After  the  clay  leaves  the  pug  mill  have  the  bar  of  clay 
pass  through  three  or  more  sets  of  wheels,  placed 'one  in 
advance  of  the  other  and  applying  their  action  to  the  col- 
umn alternately  at  right  angles  to  the  clay  column,  thus: 
(  See  Sketch  No.  2 ) . 


TRAN5.    AV,  CER.SOC.  VOLXII. 


SIMCOE 


6 /fetch  A/o^. 
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Clay    Cross    6ectiov6. 


T  would  recommend  the  use  of  some  form  of  an  end- 
less belt  to  convey  the  clay  and  prevent  it  from  sticking 
to  the  wheels. 

If  I  had  the  means  to  try  the  above  otit  I  would  be 
glad  to  submit  results  but,  as  I  feel  that  the  proposition  is 
entirely  too  expensive  for  me  to  handle,  1  submit  it  as  a 
theory,  trusting  that  some  one  of  our  number  may  see 
en  on  oh  in  it  to  warrant  a  test. 
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DISCUSSION. 

Mr.  Biniiit :  Here  is  the  opportunity  for  some  of  you 
practical  cla^'  iiieii  to  come  to  the  front.  What  do  yon 
think  of  it?  Perliaps  yon  are  up  against  the  problem  of 
non-workable  clay.  I  would  like  to  ask  Mr.  Simcoe 
whether  he  thinks  an  apparatus  of  this  kind  would  l»c 
beneficial  in  the  tempering  of  non-plastic  clay  just  as  much 
as  in  preventing  laminations  in  plastic  clays?  Our  diffi- 
culty is  not  with  the  highly  plastic  clay,  but  the  non-plastic 
clay  that  is  extremely  short  to  Avork.  We  Mant  something 
that  will  make  that  more  plastic  in  the  tempering. 

Mr.  Ashley:  We  have  with  us  a  gentleman  A\ho  lias 
been  extensively  engaged  in  the  manufacture  of  pug  mills, 
and  has  no  doubt  discussed  the  difficulties  of  pugging  with 
a  good  many  of  his  customers,  and  I  think  possibly  he 
could  give  us  some  light  upon  this  subject, — 'Sir.  Cawood. 

Mr.  Caicood:  It  seems  to  me  that  the  ordinary  trou- 
ble a  man  gets  into  in  a  pug  mill  is  the  fact  that  his 
laminations  are  entirely  in  the  center.  He  never  has  any 
trouble  on  the  outside.  When  he  breaks  a  roll  apart  he 
finds  the  air  bubbles  are  contained  mostly  in  the  center. 
To  obviate  that,  I  believe  the  proper  thing  is  to  have  a 
nozzle  with  revolving  spindle.  I  do  not  think  it  is  neces- 
sary for  that  spindle  to  have  or  contain  a  roller.  If  this 
revolves,  it  gradually  leads  the  clay  to  the  periphery  of  the 
nozzle.  All  we  do  is  to  press  those  bubbles  into  the  web 
of  this  tube.  We  have  with  the  ordinary  pug  mill,  first,  a 
cylindrical  roll — we  have  a  center  there  which  is  not  hard, 
which  is  like  the  notch  in  this  Avheel,  that  contains  air,  so 
that  when  we  break  it  open  the  center  part  of  that  roll  is 
not  solid.  When  we  put  the  spindle  in  we  do  away  with 
the  air  in  the  center.  But  the  question  to  my  mind  is 
whether  that  air  is  not  contained  in  the  Avail  op  the  tul)e 
that  we  make.  It  would  reduce  the  amount  of  air  con- 
tained there  most  certainly,  and  the  prol)ability  is  it  would 
reduce  it  enough  to  make  a  pug  mill  of  that  kind  practical. 
At  -the  same  time,  I  do  not  believe  that  we  eliminate  the 
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air  altogether.  The  process  ]Mr.  Simooe  mentions,  T  be- 
lieve, is  ijraetical,  and  1  think  it  is  somewhat  similar  to 
the  process  in  ordinary  use  in  France  today.  The  process, 
as  I  understand  it,  is  simply  to  have  rolls  operate  both  on 
the  top  and  bottom  and  also  on  the  sides  of  the  clay,  but  it 
seems  to  me  that,  while  the  clay  Avould  be  more  thoroughly 
compressed,  it  does  not  do  away  necessai-ily  with  the  air 
in  the  center — and  is  not  that  the  trouble? 

Another  tiling,  it  seems  to  mc  that  in  jollying  a  piece 
of  ware  or  a  piece  of  clay  of  irregular  shape  you  might 
produce  laminations  in  high  tension  ware  1>y  the  overlap- 
ping of  the  clay  when  it  is  thrown  about  by  the  jollying 
tool.  I  do  not  know  that  to  be  true,  but  it  seems  to  me  it 
is,  and  a  lamination  in  high  tension  porcelain  would 
make  it  go  down  under  test.  I  believe  another  method 
used  in  France  is  rolling  the  clay  on  a  marble  base,  though 
I  am  not  informed  as  to  that. 

Mr.  Biuns :  I  would  like  to  ask  jSfr.  Simcoe  whether 
he  would  propose  to  have  these  wheels  power  driven  or 
driven  l>y  the  column  of  clay? 

Mi\  Simcoe:  I  think  they  would  be  power  driven. 
Possibly  an  endless  belt  to  help  carry  the  clay  along. 

Mr.  Biinis:  Would  it  not  cause  cpiite  a  complication 
of  transmission  to  drive  all  those  pulleys  by  power? 

The  principle  I  think  is  right  as  far  as  the  kneading  is 
concerned.  The  last  speaker  has  spoken  of  the  elimination 
of  the  air  bubble,  but  I  rather  think  that  after  the  clay 
leaves  the  pug  mill  is  the  wrong  time.  The  pug  mill,  with 
its  cutting  knives,  is  responsible  for  the  introduction  of 
the  ail-  bubble,  and  if  you  do  not  pug  the  clay  you  do  not 
get  it  at  all.  After  you  have  once  got  the  air  bubble  in,  it 
is  extremely  difficult  to  get  it  out. 

I  may  allude  further  to  the  French  rolling  table  of 
which  T  spoke  yesterday.  The  process  under  discussion 
does  not  seem  to  accomplish  the  same  work,  for  the  reason 
that  the  Frencli  rolling  table  is  in  continuous  operation 
for  twenty  minutes,  and  the  clay  passes  under  the  rolls 
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repeatedly.  There  is  no  pressure  from  below,  but  the  two 
rollers  are  suspeuded  and  are  free  to  oscillate,  one  down 
hill  and  one  u]>  hill  but  not  from  below.  Then  there  are 
two  side  rollers  that  guide  the  clay.  This  opei-ation  keeps 
up  a  continuous  side  pressure  and  treading  so  to  speak. 
It  is  the  nearest  approach  to  foot  kneiiding.  If  you  could 
construct  a  series  of  rollers  which  Mould  carry  a  continu- 
ous column  of  clay  twenty  minutes  you  would  \\  ant  a  half 
mile  of  shop  to  do  it  in.  And  I  do  not  believe  a  single  pair 
of  rolls  working  one  way  and  the  other  will  have  vei-y 
much  effect  on  the  clay  column,  although,  at  the  same  time, 
it  is  a  move  in  the  right  direction.  I  believe  wliat  we  want 
to  devise  is  a  machine  that  will  do  away  altogether  with 
the  pug  mill.  If  you  can  fill  your  pug  mill  witli  a  series 
of  rollers  and  prevent  breaking  up  the  clay,  you  will  go 
very  much  farther  than  we  have  yet  gone  in  the  tempering 
of  the  comparatively  non-plastic  clays. 

Mr.  Htover:  The  question  of  kneading  without  tear- 
ing is  one  of  great  importance.  You  can  frequently  follow 
up  defects  evidently  from  tears  in  the  ware,  and  there  is 
proof  that  the  more  you  knead  and  the  more  working  you 
can  give  your  clay  and  the  closer  you  can  get  your  clay  to- 
gether the  stronger  it  is,  and  that  is  pretty  clearly  shown 
by  taking  up  some  of  the  pieces  that  you  find  in  your  scrap 
heap.  You  can  go  to  the  scrap  heap  wdth  a  luimmer  and 
break  up  pieces  that  have  been  properly  joined  together 
and  cannot  make  the  piece  break  following  that  joint. 
That  is  an  evidence  that  the  more  you  Avork  ]>lastic  clay 
the  tougher  you  get  it.  The  truth  is,  if  you  start  out  to 
break  up  a  dozen  pieces  the  lines  of  fracture  will  cross  and 
come  in  and  out  along  where  the  joint  is  made  Itut  wry 
seldom  does  it  ever  follow  right  doAvn  the  joint  so  as  to 
open  the  joint.  And  if  it  does,  it  proves  that  the  fellow 
did  not  make  his  joint  right  or  else  that  the  tAvo  pieces 
were  not  of  the  right  temper  when  they  A\'ere  put  together. 
Therefore,  a  device  of  this  kind  that  could  be  ]>ut  right  in 
a  mill  that  Avould  only  knead  the  clav  and  not  increase  the 
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bubbles  I  think  would  be  a  desirable  thing  for  the  potter. 
I  have  investigated  a  macliine  made  in  Germany  that  is 
sold  vei'v  largely  to  the  bread  trade.  I  do  not  know  if  that 
machine  is  used  in  the  clay  trade,  although  it  is  used  in 
some  of  the  allied  industries  where  plastic  material  is 
worked  like  dough. 

Mr.  Stahij :  If  anyone  would  like  to  see  the  machine 
Mr.  Stover  speaks  about,  I  know  a  firm  in  this  town  that 
mixes  putty  in  a  machine  of  that  kind.  I  know  the}'  would 
be  glad  to  show  the  machine  in  operation.  It  is  just  a 
trough  about  three  feet  wide  and  six  feet  long  and  probably 
three  feet  deep.  In  that  there  are  two  kneaders  made  out 
of  heavy  cast  iron  without  any  sharp  edge,  and  about  three 
or  four  inches  wide.  These  crooked  arms  do  the  kneading, 
but  there  is  no  tearing. 

It  is  a  difficult  thing  to  work  linseed  oil  into  white 
lead  in  order  to  make  puttv,  but  using  this  machine  they 
get  a  nice  even  mixture.  That  machine  will  hold  about  a 
half  a  ton  of  material  and,  when  you  throw  a  lever,  empties 
automatically. 

Mr.  Orton  :     Is  not  that  the  Triumph  Dough  Mixer? 

^fr.  Htaley :  The  dough  mixer  may  be  a  variation  of 
this.    These  are  regular  putty  mixers. 

Mr.  Htorer:  Their  claim  for  this  machine  is  that  it 
does  not  tear,  it  works  without  putting  in  air  and  each  arm 
goes  in  without  lapping  and  putting  in  air.  I  haye  never 
seen  it  in  actual  clay  mixing,  but  I  have  seen  a  machine 
mix  graphite  with  some  of  the  black  Gennan  ball  clay, 
which  is  a  yery  sticky  material,  and  the  Dixon  Crucible 
Company  in  Jersey  City  has  a  number  of  these  machines 
mixing  graphite  for  their  crucibles.  The  manufacture  of 
crucibles  is  very  similar  to  some  clay  processes.  They  claim 
that  they  have  gotten  rid  of  all  their  air  troubles. 

Mr.  Cawood :  It  seems  to  me  that  a  machine  of  that 
kind  makes  a  yery  good  preliminary  mixer,  but  the  actual 
elimination  of  the  air  would  be  impossible  because,  being 
opiMi,  it  iiatui'ally  takes  in  air. 
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Mr.  Stover:  You  cannot  make  crucibles  when  there 
are  air  bubbles  in  the  mixture.  The  manufacturers  of  this 
machine  said  a  couple  of  years  ago  they  would  put  up  a 
machine  in  the  shop  and  we  need  not  par  for  it  if  it  did 
not  do  the  work. 

Mr.  Binns :  I  think  it  is  up  to  the  machine  men  to 
give  us  something  that  will  do  away  with  these  troubles, — 
and  when  t\\ej  do  we  will  receive  it  gladly. 


NOTE    ON    THE    VISCOSITY    OF    CLAY    SLIPS    AS 
DETERMINED  BY  THE  CLARK  APPARATUS.^ 

BY 

A.  y.  Bleininger  and  H.  H.  Clark,  Pittsburg,  Pa. 

In  the  transactions  of  1909  some  experiments  were 
described  in  whicli  the  Stormer  viscosimeter  was  employed 
for  the  determination  of  the  resistance  offered  by  slips  of 
varions  clay  contents  to  the  passage  of  a  revolving  paddle 
immersed  in  the  liquid.  Owing  to  certain  inherent  defects 
in  the  design  of  the  ai)paratus  the  data  are  subject  to 
variations,  which  render  the  instrument  undesirable  for 
quantitative  ^Aork,  as  is  shoAvn  clearly  by  the  curves  pre- 
sented in  the  article  mentioned,  though  it  has  a  certain 
value  for  investigations  of  a  qualitative  character.  As  it 
was  desired  to  continue  the  work,  studying  to  measure 
the  turning  force  more  accurately  brought  up  the  idea  of 
using  electrical  power  and  measurements.  At  this  point 
the  aid  of  Mr.  H.  H.  Clark,  electrical  engineer  of  the 
Technologic  Branch,  was  sought.  It  is  due  to  his  inge- 
nuity and  perseverence  that  the  apparatus  problem  has 
been  solved  satisfactorily  from  the  electrical  and  mechani- 
cal standj)oint. 

Referring  again  to  the  object  of  this  work,  it  is  neces- 
sary to  state  that  any  apparatus  of  this  type  does  noc 
measure  viscosity  in  its  proper  physical  meaning,  but  tlu^ 
resultant  of  a  number  of  factors,  which  include  the  vis- 
cosity of  water  as  modified  by  the  dissolved  salts,  the  me- 
chanical resistance  offered  by  the  granular  grains  to  the 
passage  through  the  liquid  and  that  offered  by  the  colloid- 
al portion,  the  power  re(iuired  to  produce  the  mechanical 
motion  of  the  suspension,  et<-.     Since,  however,  the  values 

'  By  permission  of  the  Director.  U.   S.  Geolog^ical  Survey. 
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obtained  by  this  dctcriiii nation  are  used  relatively  iu  com- 
parin<;  one  clay  slip  with  another  for  various  clay  eon- 
tents,  and  not  absolutely,  it  seems  reasonable  to  suppose 
that  in  the  quotient  some  of  these  factors  should  cancel, 
owing  to  the  uniform  testing  conditions.  The  device  thus 
measures  the  consistency  at  which  a  certain  torque  is  re- 
quired to  revolve  the  paddle  at  constant  velocity.  Whether 
this  relation  between  content  of  clay  and  resistance  to 
rotation  is  a  true  measure  of  plasticity  cannot  be  said  at 
this  time,  since  the  exj^eriments  made  so  far  are  too  few 
in  number.  Owing  to  lack  of  funds  it  was  impossible  to 
carry  on  the  work  further.  It  seems,  however,  at  the 
present  time,  that  a  value  is  expressed  ^^■hich  is  closely 
connected  with  plasticity  as  commonly  understood. 

As  soon  as  it  is  possible  to  take  up  these  experiments 
again  it  is  intended  to  go  into  the  question  of  the  shape 
of  the  paddle,  the  use  of  a  proi)er  propeller  screw,  and 
similar  mechanical  details. 

The  a])paratus  is  described  in  the  words  of  Mr.  ('lark 
as  follows: 

This  instrument  consists  of  a  paddle  mounted  in  a 
s(iuare  box  or  tub,  designed  to  contain  liquids,  means  for 
revolving  the  paddle  and  means  for  accurately  measuring 
the  resultant  torque  or  turning  effort. 

In  general,  the  apparatus  consists  of  the  paddle  above 
mentioned  mounted  on  a  vertical  axis,  and  suppoi-ted  upon 
bearings  of  extreme  delicacy.  Upon  the  same  shaft  as  the 
paddle  is  mounted  a  h(db)w  metallic  cylinder  about  i/o  inch 
in  height  and  4  inches  in  diaiiicter,  the  walls  being  X-lVI 
inch  thick.  Within  the  cylinder,  l»ut  supported  fr<»m  above 
so  that  it  has  no  mechanical  connection  with  the  cylind(T, 
is  an  electro-magnet  arranged  so  tliat  it  can  be  revolved 
al)out  the  same  axis  as  the  cylinder. 

Cleans  are  provided  for  revolving  the  niagnet  and  for 
accurately  observing  its  s])eed  of  rotation.  Means  are  also 
provided  for  varying  and  observing  the  amount  of  cdectric 
current  flowing  through  tlie  windings  of  the  magnet. 
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When  the  niauiiet  is  revolved  and  current  is  passed 
through  its  windings,  it  exerts  a  pull  on  the  paddle  cylin- 
der which  varies  with  the  amount  of  current  supplied  and 
the  difference  in  speed  of  the  magnet  and  cylinder. 

Before  the  instrument  could  be  uswl  for  the  purpose 
for  which  it  was  designed,  it  was  necessary  to  determine 
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by  test  the  relation  of  turning  effort  in  gram-centimeters 
to  electric  current  in  amperes,  so  that  when  the  instru- 
ment Avas  used  for  testing  purposes  the  torque  could  be 
determined  directly  from  observations  of  current  strength. 
In  operating  this  instrument  the  liquid  to  be  tested  is 
placed  in  the  box  or  tub  before  mentioned,  the  magnet  is 
brought  up  to  a  predetermined  speed  and  current  is  sup- 
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plied  to  tii<^  magnet  until  the  paddle  revolves  at  the  proper 
speed.  The  amount  of  current  is  noted  and,  from  the 
relation  of  torque  to  current  previously  esUiblished  and 
plotted  in  the  form  of  a  curve,  the  torque  exerted  by  the 
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magnet  on  the  cylinder,  and  conversely  the  retardino  ef- 
fect of  the  liquid  upon  the  paddle,  is  immediately  kno^vn. 

Fig.  1  shows  a  diagrametric  representation  of  the 
viscosimeter.  Fig.  4  is  a  photograpli  of  the  machine  as  it 
was  tinallv  built  for  use  at  the  Pittsburg  station  of  the 
United  States  Geological  Survey.  It  is  obvious  that  there 
is  considerable  difference  betAveen  these  two  figures,  but 
for  purposes  of  description  Fig.  1  can  be  used  satisfac- 
torily. A  glance  at  the  figure  will  show  the  relation  be- 
tw^een  the  paddle  (16)  and  the  cylinder  (13),  which  is 
mounted  on  the  shaft  of  the  paddle;  both  of  them  turning 
together  in  the  bearing  (15).  The  four  armed  electro- 
magnet (3),  diagram  of  connections  of  which  is  shown  in 
figure  2,  is  mounted  as  shown  directly  above  the  cylinder 
and  completely  enclosed  by  it.  The  collector  rings  (6) 
and  the  brushes  (7)  indicate  how  the  electric  current  can 
be  supplied  to  the  magnet,  which  turns  on  a  shaft  (4)  in 
bearing  (5)  ;  power  being  applied  at  the  pulley  (8).  The 
speed  of  the  magnet  shaft  must,  of  course,  for  any  series 
of  observations  be  a  constant,  and  the  tachometer  (9) 
shows  diagramaticalh^  how  this  speed  is  observed.  This 
is  not  a  revolution  counter,  but  a  reed  frequency  meter, 
giving  instantaneous  indication  of  the  speed  of  revolution. 
It  is  obvious  that  it  is  necessary  to  kno^A'  the  exact  speed 
of  revolution  of  the  paddle,  and  the  means  employed  to  do 
this  are  as  follows : 

Fig.  3  shows  the  outside  of  the  cylinder  (13),  and  the 
shutter  (19),  which  cuts  off  exactly  one-half  the  circum- 
ference of  the  cylinder  and  which  rotates  with  the  magnet. 
The  outside  of  the  cylinder  is  covered  with  dots  or  strips 
as  shown,  and  the  ratio  of  the  width  of  these  dots  to  half 
the  circumfereilce  of  the  cylinder  is  made  exactly  the  same 
as  the  ratio  between  the  speed  of  the  paddle  and  the  speed 
of  the  magnet. 

It  is  obvious,  therefore,  that  when  the  paddle  and  the 
magnet  are  rotating  at  their  respectively  designed  speeds, 
the  time  taken  for  the  shutter  (19)  to  pass  the  eye  will  be 
exactly  the  same  as  the  time  required  for  any  one  square 
dot  of  stripe  to  do  the  same  thing.     Consequently,  when 
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the  proper  ratio  of  speed  exists  between  tlie  magnet  and 
the  paddle,  the  dots  on  the  ontside  of  the  cylinder  a  pi  tear 
to  stand  still,  and  when  this  point  is  reached  Ave  know 
that  the  speed  ratios  are  correct.  If,  then,  the  speed  of 
the  magnet  as  observed  by  the  tachometer  is  correct,  the 
speed  of  the  paddle  must  also  be  correct.  If  the  current 
in  the  magnet  is  then  read  and  referred  to  the  curve  pre- 
pared by  previous  calibration,  the  exact  amount  of  torque 
which  is  being  exerted  on  the  paddle  can  be  determined 
wirli  great  accuracy. 

The  preparation  of  the  clay  slips  for  the  test  was  the 
same  as  described  in  Volume  XI,  p.  599.  The  work  was 
started  with  the  heavier  slips,  which  were  gradually  di- 
luted. The  ammeter  readings  Avere  checked  in  each  case 
by  reversing  the  current  through  the  magnet  winding.  Fig. 
5  presents  the  calibration  curve,  showing  tlie  relation  l)e- 
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tvveeu  the  ami)eres  (storage  baltci-ies  being  the  sdurcc  of 
this  current)  ami  the  toninc  in  gram-centimeters  as  ob- 
tained by  actual  dettM-mination.  The  calibration  was  car- 
ried out  by  using  a  ])liysical  balance  sensitive  to  Ty  milli- 
graras. 
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Four  rlays  were  tested  by  this  method,  Pike's  No.  20 
English  ball  day,  the  No.  3  Tennessee  ball  clay  (Potter's 
^Supply  Co.  I ,  the  J.  Poole  No.  1  P^nglish  China  clay,  con- 
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sidered  the  best  English  material  of  its  kind,  of  which  very 
little  is  imported,  and  North  Carolina  kaolin  from  the 
Harris  China  Clay  Co.  From  the  curves  of  Fig.  6  it  is 
seen  that  the  order  in  which  the  clays  are  arranged  by  this 
test  agrees  practi<ally  witli  our  conception  of  their  rela- 
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tive  plasticities.  Thus  the  same  tonpio  of  28  iirani-cciiti- 
meters  correspoiids  to  SoS'r  of  Tennessee  ball  clay,  29%  of 
English  China  claj  and  19%  of  Pike's  ball  clay,  while  evi- 
dently considerably  more  than  40%  of  Nortli  (Carolina 
China  clay  would  be  required  to  bring  about  the  same 
consistency. 

The  curves,  lioweTer,  sho\>'  a  most  unexpected  break 
in  every  case,  which  is  least  pronounced  in  the  case  of  the 
Tennessee  ball  clay  and  greatest  for  the  English  China 
clay.  The  cause  of  this  phenoiiiena  is  not  clear  to  the 
writers.  Practically  the  same  thing  occurred  in  experi- 
ments carried  on  witli  lime  pastes,  in  which  it  was  ob- 
served that  the  breaks  were  very  much  more  prominent 
for  dolomitic  than  for  high  calcium  limes.  jMr.  H.  E.  Ash- 
ley suggests  the  following  explanation : 

'^If  the  quantity  of  matter  in  solution  is  constant, 
other  things  being  equal,  the  viscosity  will  be  the  greater 
the  smaller  the  sizes  of  the  individual  molecules.^  Various 
writers  have  given  evidence  that  the  colloid  matter  of 
clay  and  other  substances  exists  in  different  sizes,  of  which 
the  larger  may  be  considered  polymerized.^  Such  a  con- 
densation is  indicated  by  the  fact  that  observed  osmotic 
pressures  of  colloids  are  less  than  those  calculated  by  elec- 
trical conductivity,^  or  by  the  well  known  fact  that  dyes 
and  some  other  substances  are  frequently  observed  as  col- 
loidal in  concentrated  solutions  and  crystalloid  in  dilute 
solutions."^' 

''In  Fig.  7  we  will  assume  that  the  substance 
considered  exists  in  two  states  of  molecular  ag- 
gregation, that  AB  represents  the  viscosity  curve  if  the 
particles  were  all  of  the  large  size  throughout,  that  CD 
represents  the  viscosity  curve  if  the  particles  were  all  of 
the  small  size.  However,  on  diluting  the  thick  mixture 
fi'om  A,  a  point  E  is  reached  where  the  dilution  is  sufli- 
cient  to  start  dissociating  tlie  large  molecules  into  an  in- 

=  Cha-iPs   Henry:      Comptes   lend..    145.    1415    (1907). 

^  J.    M.    Van    Bemmelen:      Z.    Anorg.    Chemie..    42.    SOn    (•1904). 

H.  E.  Ashley:-  Min.  and  Sci.  Press.    (1909). 
"  J.    Drclarx:      J.   Ohim.   Phys.,   Vol.   T.    403-4fi.    (1900). 
■■■  S.    Yn.    Levitep:      7>.    Chem.   Inrl.    Kolloide.    Vol.    II.    20<5-15.    2:',7-41.    (190S)". 
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creased  iiuiuber  of  smaller  ones.  If  the  dissociation  occurs 
snd<lenlT  enough,  the  effect  of  the  increased  number  of 
molecules  will  be  an  increase  of  viscosity.  We  will  assume 
that  at  F  the  action  is  complete,  and  only  the  smaller 
molecules  exist  during  dilution  along-  the  curve  FD." 

"Such  cases  have  been  noted  by  others.  Thus  Dunston 
and  Thole^  consider  the  occurrence  of  the  maxima  are  in- 
dications of  the  existence  of  genuine  complexes  in  solu- 
tion ;  and  D.  E.  Tsakalotos,^  in  considering  the  aqueous 
solutions  of  certain  bases,  says  the  maxima  indicate  tlie 
foi-iiiation  of  a  partly  dissociated  compound  between  the 
base  and  water." 

It  is  proposed  to  study  this  phenomenon  from  the 
experimental  standpoint,  and  if  possible,  to  find  an  expla- 
nation for  it. 


'  J.   Chem.   Soc.   95,  1556-61;   25.   219.    (1909). 
«  Z.  Phys.  Chemie,   68,  32-8,    (1909). 


BRICK  DRYING  FROM  AN  ENGINEERING  STAND- 
POINT, ILLUSTRATED  BY  SOME  NOTES  ON 
A  DOUBLE  DECK  DRYER. 

BY 

D WIGHT  T.  Parnham,  Seattle,  Wash. 

Tlie  tJicorv  of  dryiDg'  brick  has  already  Iteeii  pretty 
fully  covered  by  Seger,  and  in  the  Transactions  by  Mr.  Min- 
tou  and  others.  There  are,  however,  certain  asperts  of  the 
case  which  present  themselves  when  the  question  is  ap- 
proached from  the  engineering  standpoint  that  are  perhaps 
worth  considering. 

PART  I. 

In  building  a  dryer  the  usual  procedure  is  to  copy 
some  other  fellow's — at  least  what  you  can  see  of  it — and 
then  trust  to  luck  to  get  the  underground  part  near  enough 
right  to  work.  This  method  is  obvioush'  very  unsatisfac- 
tory. The  ideal  way  would  be  to  send  a  sample  of  your 
clay  to  a  Testing  Laboratory,  stating  at  the  same  time  the 
output  per  day  desired.  At  the  laboratory  full  sized  brick 
^^•ould  be  made  from  this  clay,  which  would  be  tested  for 
their  drying  qualities  in  -^some  such  apparatus  as  the  one 
devised  and  built  at  the  Ohio  State  University.  This  would 
give  the  relative  drying  strength  of  your  clay  as  compared 
with  certain  standard  clays  whose  qualities  and  behavior 
were  known.  From  this  test  the  engineer,  knowing  how 
many  cubic  feet  of  air  per  minute  at  a  certain  temperature 
were  required  to  dry  a  thousand  standard  brick,  would 
compute  from  the  relative  position  of  your  brick  in  tlie 
scale  the  number  of  hours  you  would  require  to  safely  dry 
your  clay,  and  in  a  short  time  would  notify  you  how  many 
tunnels  of  a  certain  length,  how  large  a  fan.  ducts,  etc., 
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you  would  need  to  dry  vour  brick  without  loss.  This  would 
make  it  uuiiecessary  to  indulge  in  unneeded  expenditure 
in  the  way  of  construction,  and  later  on  you  would  be  told 
exactly  what  temperature  to  carry  at  your  blower  and  liow 
fast  to  run  it. 

While  the  data  on  this  subject  is  at  present  rather 
meagTe,  there  are  certain  principles  which  have  been  de- 
veloped by  the  mining  engineers  and  the  blower  people  that 
help  in  the  solution  of  the  (luestion  materially.  The  usual 
waste  heat  dryer,  which  is  the  one  considered  in  this  paper,, 
consists  of  a  nunil>er  of  tunnels  from  eighty  to  a  hundred 
and  lifty  feet  in  length,  into  which  the  brick  are  run  on 
cars  containing  from  four  to  six  hundred  brick  each, 
hackeil  on  one  or  two  decks.  The  brick  as  they  enter  at 
the  factory  end  contain  somewhere  in  the  neighborhood  of 
15%  of  their  weight  in  moisture,  which  must  be  removed 
before  the  cars  emerge  from  the  kiln  end  of  the  tunnels. 
This  is  accompuished  by  means  of  a  current  of  air  varying 
ill  t(^m]>erature  from  150  degrees  to  250  degrees  Fahren- 
l.eit,  and  in  humidity  from  10%  to  40%  as  fed  in  at  the 
kiln  end,  and  from  SO  degrees  to  125  degrees  Fahrenheit 
and  from  00%  to  100 9r  moisture  as  it  is  led  forth  from 
the  factory  end  of  the  tunnels.  The  current  of  air  Is  kept 
in  motion  by  means  of  a  blower  which  forces  the  air  into 
a  duct  underneath  the  tunnels,  from  which  it  is  distributed 
under  each  track  and  through  the  cars  of  l>rick. 

After  passing  through  the  tunnels  containing  the 
brick  this  air  is  collected  in  an  exhaust  duct  whence  it  is 
removed  by  a  stack,  a  disk  fan,  a  secondary  blower,  or  by 
the  force  of  the  first  blower.  The  supply  of  hot  air  is 
\>])tained  through  a  duct  connected  with  the  cooling — some- 
times with  the  burning-kilns  in  one  of  the  several  ways — 
possibly  augmented  by  a  furnace  or  steam  coils  placed  near 
the  blower.  Undoubtedly  the  cheapest  way  to  exhaust  the 
saturated  air  is  by  means  of  a  stack  or  stacks.  The  diffi- 
culty with  this  method  is  its  uncertainty  on  account  of 
changes  in  the  weather,     (hie  plant  located  near  the  sea 
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iKsiug  stac  ks  ri'poi-ts  a  loss  of  o(l,()00  l»i-i(k  in  a  day  as  by 
110  means  niiusual  during  a  liiiili  wiud.  At  otlun-  times 
they  have  trouble  with  iiisntticieiit  draft,  resultini;  in  wet 
brick,  and  have  to  cut  down  their  output.  While  this  is  an 
extreme  case,  the  difficulty  of  obtaining-  uniform  condi- 
tions by  means  of  stacks  is  obvious. 

Selection  of  Fan. 

The  disc  fan  is  satisfactoi-y  in  many  ways.  It  reijuires 
from  five  to  twenty  horse  power  to  operate  it,  but  the  liiore 
uniform  conditions  obtainable  more  th.an  justify  this  ex- 
penditure. The  secondary  blower  has  many  advocates  on 
account  of  its  greater  itositiveness  than  the  disc  fan.  The 
first  cost  and  the  cost  of  installation  is  somewhat  greater 
than  in  the  case  of  the  disc  fan.  The  IdoAver  companies  are 
advocating  the  use  of  a  large  enough  primary  blower  to 
make  the  use  of  a  secondary  fan  unnecessary.  Theoreti- 
cally this  is  all  right,  but  it  reipiires  air  tigh.t  doors  on 
each  end  of  the  tunnels,  and  these  are  rather  dinicuit  to 
maintain  around  a  l)rick  yard. 

In  so  far  as  the  writer  knows,  the  bjowei-  or  paddle 
wheel  fan  is  the  only  type  of  fan  used  at  tlie  kiln  end  of  the 
dryer.  There  are  several  types  on  the  market.  The  Stand- 
ard AAlieel,  which  is  the  type  most  commonly  used,  has  the 
blades,  which  are  straight  or  slightly  curved,  perj)eiidii-u 
lar  to  the  axis  of  the  shaft.  "  The  larger  sizes- -fourteeii 
feet  and  over — are  of  usnally  what  is  known  as  the  (Jiubal 
t;^'pe,  and  have  the  blades  pitched  backward  at  an  angle  of 
about  45  degrees.  This  allows  a  more  rigid  construction, 
and  is  considered  more  satisfactory.  The  8irrocco  type, 
which  has  been  introduced  within  the  last  few  yt^ars,  is 
rather  more  economical  than  either  of  the  above  types,  the 
saving  on  the  (Mjuivalent  of  a  fourteen  foot  blower  being 
about  18  H.  V.  The  disadvantages  consist  in  tlu^  long  shaft 
calling  for  water  cooled  bearings,  which  are  not  readily 
accessible,  and  the  necessity  of  twin  installations  where  a 
large  volume  of  aii-  is  desireil — SO  000  cubic  feel   per  min- 
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lite  aud  over.  The  twin  installation  calls  for  a  complicated 
system  of  ducts  on  the  kiln  side  of  the  1)lower,  which  is 
undesirable. 

Without  going  into  the  mechanics  of  fan  construction, 
which  is  a  science  in  itself,  certain  principles  suggest  them- 
selves which  should  be  taken  into  consideration  in  select- 
ing a  fan. 

I.  Efficiency.  The  efficiency  of  a  fan  is  the  term  used 
to  indicate  the  ratio  existing  between  the  horse  power  re- 
quired to  operate  the  fan  and  the  amount  of  air  delivered 
at  a  certain  pressure.  This  does  not  take  into  considera- 
tion the  mechanical  efficiency  of  the  driving  engine.  It  is 
the  ratio  between  brake  horse  power  (required  to  operate 
a  fan)  and  the  horse  power  output  of  the  fan,  which  con- 
sists of  the  product  of  the  cubic  feet  of  air  delivered  per 
minute  and  the  pressure  or  resistance  reduced  to  foot 
pounds : 

p.  a.  V.  =  U 
U 


33U00 
H.  P.  Air 


Brake  H.  P 


equals  H.  P.  Air 

equals  Efficiency 


in  which  "p"  is  the  unit  of  pressure  (or  resistance)  in 
pounds  per  square  foot,  "a"  is  the  sectional  area  of  the 
airway,  and  '*U"  is  the  work  performed  by  the  air  current. 
When  it  is  stated  that  the  efficiency  of  the  disc  fan  is  30% 
— working  under  normal  brickyard  conditions — of  the 
blower  45^4,  and  of  the  Sirrocco  60 ^f,  then  the  relative 
work  performed  by  each  type  of  fan  is  shown  in  proportion 
to  the  H.  P.  required  to  operate  the  fan.  From  this  it  is 
easily  seen  why  it  is  often  the  most  economical  in  the  end 
to  install  the  more  expensive  outfit. 

II.  ^^pcc(h  There  is  a  limit  to  the  speed  at  wliich  a 
disc  fan  can  l)e  run  and  produce  results.  When  run  at 
more  than  a  certain  speed  the  air  is  simply  cut  instead  of 
being  moved.     A  peripheral  speed  of  alxHit  a  mile  a  miiiute 
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is  considered  the  best  practice.  As  has  been  shown,  the 
efficiency  of  this  type  of  fan  is  low,  which  means  le^ss  air 
in  proportion  to  the  H.  P.  required  to  operate  theiri  than 
where  other  types  are  used.  The  limit  of  speed  on  a  bhvwer 
is  governed  by  the  strength  of  the  wheel  and  thi^  horse 
power  available. 

As  the  horse  power  required  varies  as  the  <ube  of  the 
revolutions  per  minue,  it  is  easily  seen  that  it  is  cheaper 
to  buy  a  larger  blower  than  to  speed  up  the  old  one  beyond 
a  certain  point.  To  illustrate  this  point :  Suppose  you 
have  an  eleven  foot  blower  Avhich  you  are  running  at  150 
E.  P.  M.  This  would  require  about  45  H.  P.,  and  at  %  oz. 
pressure  should  give  you  alwut  80,000  cubic  feet  of  air  per 
minute.  Suppose  you  are  increasing  your  dryer  and  will 
require  about  150,000  cubic  feet  of  air  per  minute.  You 
can  speed  up  the  old  blower  to  274  K.  P.  M. — taking  the 
risk  that  it  will  stand  the  strain — and  secure  about  147,000 
cubic  feet  of  air  per  minute,  but  it  will  require  L>4:i  H.  l\ 
to  do  it;  or,  you  can  buy  a  fourteen  foot  blower,  run  it  at 
135  K.  P.  M.  and  secure  it  on  84  FT.  P.  You  will  i)ay  per- 
haps a  thousand  dollars  for  your  new  blower.  Figure  the 
150  H.  P.  at  130.00  per  H.  P.  year,  which  is  low,  arid  you 
will  see  that  the  new  l)lower  will  take  about  four  months 
to  pay  for  itself. 

Fonmila:     H.  P.  varies  as  I  R.  P.  M.V' 

From  the  above  illustration  we  gather  also  that  tlie  ca- 
pacity of  a  blower  increases  directly  as  the  R.  P.  M.  This 
is  important,  as  there  would  undoubt<Mlly  arise  at  times 
circumstances  where  only  a  tritle  m<rre  air  is  needed,  under 
which  it  would  'be  justifiable  to  speed  up  the  blow(M'  rather 
than  incur  the  expense  of  a  new  outfit. 

Formula :     i\  F.  M.  is  proportional  to  K.  P.  M. 

Without  going  into  the  science  of  fan  building,  which 
is  a  matter  best  left  to  the  blower  companies  who  are  skill- 
ed in  proportioning  the  blades,  the  intake  and  the  outlet, 
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etc. — it  is  worth  noting  in  general  that  the  air  pressure 
produced  is  in  proportion  to  the  diameter  of  the  wheel,  and 
the  quantity  of  air  delivered  in  proportion  to  the  wi<lth  of 
the  wheel. 

Duct  Proportionment. 

It  has  been  shown  that  the  H.  P.  re(iuire  to  operate  a 
fan  is  dependent,  among  other  factors  ujjon  the  Pressure — 
vide  p.  a.  v.  equals  U.  The  converse  of  this  is  that  with  a 
given  fan  ^nd  engine  the  amount  of  air  delivered  is  de- 
pendent upon  the  pressure.  As  the  quantity  of  brick  dried 
depends  upon  the  quantity  of  air  delivered  as  well  as  upon 
its  temperature,  the  importance  of  this  pressure  is  readily 
seen.  If  you  place  a  gauge  on  a  water  pipe  two  inches  in 
diameter  between  a  pump  A>"ith  a  two  inch  discharge  and  a 
valve,  the  gauge  will  register  a  certain,  pressure.  While 
the  valve  is  open  the  water  will  pass  the  gauge  at  a  certain 
velocity,  ( CV/se  A).  If  you  begin  to  close  down  the  valve 
the  velocity  of  the  water  coming  out  at  the  open  end  of  the 
pipe  will  decrease  but  the  pressure  at  tlie  gauge  will  in- 
crease. (Case  B).  When  the  valve  is  closed  tight  there 
will  be  no  velocity,  as  the  watei*  has  ceased  to  travel  past 
the  gauge  but  the  pressure  will  ha^e  increased  vastly, 
(Static  Pressure).  To  bring  out  another  point:  Suppose 
we  add  lengths  of  two  inch  hose  to  the  end  of  the  two  inch 
pipe  while  the  valve  is  open.  Watching  the  gauge  we  will 
see  a  slight  increase  in  pressure  as  eacli  length  of  hose  is 
added,  due  to  the  friction  caused  by  the  water  having  to 
pass  over  additional  surface,  and  the  water  will  emerge 
with  a  slightly  decreasing  velocity,  {Case  C).  Suppose 
the  pump  is  securing  its  water  through  a  three  inch  pipe 
from  a  reservoir  located  close  by,  then  it  will  require  a 
certain  H.  P.  to  operate  the  pump.  Now  suppose  the  reser- 
-  voir  is  removed  two  miles  distant  {Case  D),  or  suppose  a 
misguided  engineer  has  connected  the  three  inch  suction 
with  the  reservoir  by  means  of  an  inch  pipe,  ((Uimc  E). 
The  increased  work  the  pump  would  have  to  perform  in  the 
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first  place  and  the  loss  of  capacity  in  tlic  second  place  are 
obvious.  The  general  principles  involved  in  the  case  of 
the  water  pump  and  pipes  and  in  the  behavior  of  a  fan  and 
heat  ducts  are  practically  the  same,  although  the  laws  of 
hydraulics  and  the  laws  of  pneumatics  differ  in  many  re- 
spects. We  have  in  Case  A,  Dynamic  Pressure,  which  con- 
sists of  force  converted  partly  into  pressure  and  partly 
into  velocity.  The  pressure  and  the  velocity  bear  an  in- 
verse ratio  to  each  other;  i.  e.,  as  the  pressure  (on  the 
gauge)  increases  (the  valve  being  shut  down  )  the  velocity 
decreases,  and  vice  A^ersa.  The  product  of  these  two  factors 
is  the  measure  of  the  force. 

In  mine  work  the  weight  of  the  atmosphere  is  an  im- 
portant factor  due  to  the  height  of  the  air  column  in  air 
ways,  etc.,  which  tends  either  to  liel])  out  the  fitn  or  to 
increase  its  work.  This  is  so  small  a  factor  in  brick  drying 
by  mechanical  draft  that  all  Head  of  Air  Column  calcula- 
tions are  omitted.  The  effect  of  variations  in  barometric 
jjressure,  in  the  humidity  and  in  the  temperature  of  the 
air  from  the  standpoint  of  their  effect  upon  the  velocity, 
pressure  and  power  are  therefore  considered. 

The  temperature  of  the  air  does,  however,  make  some 
difference  in  the  brake  horse  power  required  to  move  a 
given  quantity  of  air  under  giATii  conditions,  owing  to  the 
lesser  density  of  the  air  as  the  temperature  is  increased. 

Velocity.  The  tenn  velocity  is  used  to  denote  the 
speed,  usually  measured  in  feet  per  minute  at  which  the  air 
passes  a  given  point  in  the  air  way.  This  velocity  is  uni- 
form, and  as  it  depends  directly  u])on  the  speed  of  the 
blower  it  is  ])roportionate  to  the  cube  root  of  the  power,  as 
will  be  seen  later.  The  quantity  of  air  passing  through  a 
given  duct  is  found  by  multiplying  the  velocity  (as  regis- 
tered on  the  dial  of  an  anemometer)  by  the  area  of  the  duct 
expressed  in  s(|uare  feet,  whi<-h  gives  the  cubic  feet  of  air 
passiMii  per  minute. 


V 
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Fortinihi 

a 
V  is  velocity;  (^  is  (iiuuititv  of  air,  in  C.  F.  M. ;  a  is 
sectional  area  of  air  war. 

Pressure.  Tlie  i>ressnre  of  resistance  is  the  sum  of  the 
forces  of  various  kinds  opposed  to  the  flow  of  the  air  in  the 
air  wavs.  This  resistance  may  be  due  to  obstructions  such 
as  piles  of  refuse,  broken  brick,  etc.,  which  have  fallen 
through  into  the  duct, — to  rough  walls,  sharp  curves  in  the 
ducts,  or  to  ill  proportioned  air  ways.  To  return  to  the 
simile  of  the  water  i)ump — our  loss  in  the  efficiency  of  our 
system  is  almost  as  great  as  if  we  had  screwed  a  few  joints 
of  twisted  and  dented  pipe  onto  the  end  of  our  two  inch 
discharge  pipe,  or  as  if  v^-e  had  put  on  several  joints  of 
inch  pipe;  the  output  of  water  in  j^roportion  to  the  power 
of  the  pump  would  be  decreased,  and  while  the  gauge  would 
show  more  pressure  we  would  not  get  as  mucli  water.  (  Case 
E  is  another  illustration,  i 

The  resistance  varies  also  in  proportion  to  the  length 
of  the  air  ways  (Case  C  and  D  ).  Theoretically,  the  resist- 
ance yaries  as  the  extent  of  the  rubbing  surface  (the  peri- 
meter of  the  air-way  times  its  length)  and  as  the  square  of 
the  velocity  of  the  current  air.  It  is  self  evident  that  the 
greater  the  surface  traversed  the  greater  would  l)e  the 
total  friction  and  the  greater  the  total  resistance.  If  the 
velocity  of  the  air.  current  is  doubled,  each  particle  of  air 
strikes  in  a  unit  of  time  twice  the  amount  of  resistance, 
rough  surface,  obstructions,  etc.,  and  each  opposing  l>low 
is  of  twice  the  force,  hence  the  resistance  is  as  the  sipiare 
of  the  velocity  of  the  current.    Hence: 

Form  1(1  nc : 

E  =  K  S  V- 

K  is  tlic  dynamic  n^sistance  oi)posed  to  any  A'(m- 
tilating  pressure  (such  as  created  by  a  blower,  etc.)  ; 
K    is   the   unit    of   resistance,    expressed    in    pounds. 
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offeree!  h\  one  square  foot  of  rubbing  surface,  to  air 
movinii  with  a  velocity  of  one  foot  per  minute;  S  is 
the  rubbing  surface  of  air  ways  exposed  to  the  current 
of  air,  found  by  multiplying  the  i:>erimeter  by  the 
length — expressed  in  square  feet;  V  is  the  velocity  of 
current  in  feet  per  minute; 

F  =  p  a 

P  is  the  A'entilating  pressure  (the  moving  force). 
p  is  the  unit  of  pressure  or  resistance  in  pounds 
per  square  foot. 

a  is  the  area  of  air  way. 

The  unit  of  ventilating  pressure  is  expressed  in  "inches 
water  gauge,"  and  is  calculated  from  the  weight  of  a  cubic 
foot  of  water  at  a  temperature  of  62  degrees  Fahrenheit — 
62.355  pounds.  One  inch  W.  G.  is  1  12  of  this,  or  5.2 
pounds,  "i"  is  inches  water  uauge,  hence  "p"  e(|uals 
5.2  "i.-' 

The  importance  of  reducing  the  pressure  factor  when 
striving  to  secure  an  eflficient  waste  heat  dryer  has  been 
noted.  The  saving  in  power  which  can  be  effected  in  this 
way  is  large,  and  the  saving  in  first  cost  through  the  avoid- 
ance of  unnecessary  construction  is  often  considerable. 

Formula : 

AV.  G.  Hnches)  r= —  Atkinson. 

ax  5.2 

This  is  sometimes  expressed  in  ounces  pressure  per 
square  inch,  in  which  case  .58  oz.  equals  V  W.  G. 

It  is  the  factor  "K"  that  makes  exact  ca,lculation,  in 
deciding  upon  a  fan  to  meet  a  certain  situation,  difficult, 
as  it  depends  directly  upon  the  proportionment,  smooth- 
ness, etc.,  and  length  of  ducts.  Atkinson  for  mine  work 
used  .000,000,021,7  as  his  coefficient  of  fricticm,  but  this 
has  been  consi<l('icd  too  high,  and  the  coefficient  now  ac- 
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ceptecl  by  the  best  engineers  is  .000,000,007,3,  with  certain 
corrections  as  follows: 

One-third  coeificient  for  air  passages  which  are 
smooth,  straight  and  regular,  as  tlie  inside  of  galvanized 
steel  piping  used  in  building  ventilation. 

One-half  coefficient  for  air  passages  which  are  con- 
creted or  wood  lined,  straight,  regular  and  free  from  ob- 
struction. 

One  coefficient  for  air  passao;es  fairly  smooth, 
straight,  unobstructed  and  regular  in  size. 

One  and  one-half  coefficient  for  air  passages  which 
are  rough,  irregular  and  moderately  crooked. 

Where  the  air  ways  are  in  very  l)ad  condition  the  re- 
sistance may  be  three  or  four  times  the  coefficient. 

Resume.  In  order  to  save  power  and  unnecessarj 
dryer  capacity  we  should  have  the  air  ways : 

1.  Of  ample  capacity  throughout. 

2.  As  short  as  possible. 

3.  Smoothly  lined. 

4.  Without  sharp  bends  or  turns. 

5.  Properly  proportioned. 

6.  Free  from  obstructions. 

NOTE. — In  proportioning  the  ducts  it  should  be  borne  in  mind 
that  the  frictional  resistance  is  influenced  by  the  perimiters  of 
the  ducts  in  question  as  well  as  the  areas.  In  order  to  find,  for 
instance,  how  large  to  make  the  openings  leading  into  eighteen 
brick  tunnelS:  having  an  opening  under  each  track,  from  an  under- 
ground duct  containing  56  square  feet,  instead  of  dividing  .56  by 
36,  which  would  give  each  tunnel  an  opening  containing  1.5  square 
feet  or  1'3"  x  1'3",  we  make  use  of  an  equalization  table  based  on 

the  formula  n=z(^\'-  ,  in  which  D  is  the  diameter  of  the  large 


(?)-'- 


duct,  d  the  diameter  of  the  smaller  ducts  and  n  the  number  of 
the  smaller  ducts. 
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PART  II. 

We  have  att('nq)te<l  to  cmpliasize  the  lU'ccssity  of  ob- 
serving certaiu  rules  iu  the  installation  of  a  fan  and  in 
the  constrnction  of  heat  dncts  by  statinj;-  Itriefiv  some  of 
tlie  nndeilyinji  ])rineiples.  During  the  past  year  the  writer 
has  had  an  o])|)ortunity  to  work  out  certain  problems  and 
lo  ]irove  in  a  i)raetical  way  some  of  these  principles.  The 
]>aving  brick  plant  on  which  these  i)r()l»lems  werc^  worked 


out  wrts,  '.iiitil  the  tii-st  of  the  year,  making  and  drying 
.successfully  about  ninety  thousand  brick  per  day.  It  is 
now  drying  one  hundred  and  tifty-six  thousand,  and  within 
three  months  will  be  drying  one  hundred  and  eiglity  thous- 
and !)"x2i4"x4"  paving  brick  |)er  day. 

Kilns.  At  the  beginning  of  tlu^  year  there  were  three 
rectangular  kilns  holding  2()0.M  eacli,  one  liolding  120M, 
five  thirty-four  foot  round  kilns  holding  T2]M,  and  three 
rectangular  kilns  holding  .')0{l!M,  which  gave  the  plant  a 
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daily  kiln  capacity  of  98,207.  Since  then  there  have  been 
added  tive  more  150'  rectaiigulars,  inakiiig  the  daily  ca- 
pacity lotnr,  and  two  more  are  under  way,  which  will 
brin.ii"  the  kiln  capacity  up  to  about  180M. 

Drier.  Vov  ninety  thousand  brick  the  drier  consisted 
of  eighteen  tunnels,  108  feet  hmg,  (il)"  wide  and  4'11" 
hii>li,  each  containing  thirty  don1)le-deck  cars,  each  car 
holding  500  brick.     The  eighteen  tunnels  witli  a  holding 


caj>a(ity  of  l.~M  brick  each  gave  us  a  total  holding  cajtacity 
of  1*70,000  brick  between  doors.  Dividing  this  by  the  three 
days  required  to  dry  this  clay  safely,  we  obtain  a  daily 
drying  capacity  of  1)0,000  brick  ]>er  day. 

By  experiment  it  was  found  that  if  less  than  three 
daj^s  were  allowed  for  di-ying,  that  is,  if  we  made  more 
than  00,000  bricdv  per  day,  l»y  the  end  of  the  week  it  became 
necessary  to  set  wet  brick,  whi(di  is  not  good  practice 
either  from  the  standpoint  of  high  percentages  of  first 
(piality  ^^'ar(^  coal  coiisum]>tion,  or  kihi  capacity  ecoiKniiy. 
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If  the  brick  remained  in  the  dryer  less  tlian  two  and  a  half 
days  the  loss  due  to  checked  and  cracked  brick  increased 
rapidl^^  Ordinarily  all  dryer  loss  is  covered  by  an  allow- 
ance of  ten  extra  brick,  over  and  above  the  500  tallied, 
which  are  placed  on  each  car.  Actual  count  showed  as 
high  sm  3,000  Itrick  over  the  2%  allowance  returned  to  the 
drier  in  a  single  day  when  less  than  two  and  one-half  days 
was  allowed  for  drying. 

By  experiment  it  has  been  determined  that  240  de- 
grees Fahrenheit  in  the  main  duct,  twenty  feet  ahead  of 
the  blower  was  about  as  high  a  temperature  as  it  was  safe 
to  carry.  When  the  Bristol  charts  showed  more  than  240 
degrees  for  any  length  of  time  our  loss  immediately  went 
over  our  allowance.  It  was  also  fully  demonstrated  that 
the  dryer  was  properly  regulated  by  means  of  a  series  of 
anemometer,  temperature  and  humidity  tests  which  will 
be  taken  up  later.  Having  determined  that  our  dryer  wjis 
doing  all  it  could  for  us — the  nature  of  the  clay  being  as 
it  was,  and  wishing  to  increase  our  output — it  became 
necessary  to  plan  more  tunnels.  On  account  of  the  mari- 
ner in  which  the  yard  had  originally  been  laid  out  it  avos  in- 
advisable to  add  more  tunnels  parallel  to  the  ones  alrc^ady 
constructed.  The  idea  was  therefore  conceived  of  building 
eighteen  new  tunnels  on  top  of  the  then  existing  dryer. 
By  so  constructing  them  it  was  possil)le  to  save  and  utilize 
in  the  upper  tunnels  the  heat  which  ordinarily  i-adiatcs 
from  the  top  of  a  brick  dryer,  about  50%  of  the  total  radia- 
tion. At  the  same  time  the  distance  necessary  to  transfer 
the  brick  at  each  end  of  the  dryer  remained  the  same  in- 
stead of  Ix'ing  (bmlded.  This  plan  was  accordingly  carried 
out,  and  as  shown  in  the  accompanying  drawing,  the  lower 
dryer  was  piactically  duplicated  in  the  i!]»p('r  di-yei-. 
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Comiiio-  from  the  uiacliine  tlie  cai's  are  elevated  by 
means  of  a  three  ton  capacity  Craig-liidgeway  steam- 
hydraulic  elevator,  a  device  that  is  "fool  proof,''  uses  sur- 
prisingly little  steam  and  seems  to  be  practically  inde- 
structible. Its  capacity  is  300,000  brick  per  ten  hours 
from  the  machine,  so  that  we  have  a  considei^ble  factor  of 
safety.     A  set  of  self-acting  dogs  hold  the  car  in  ])la<'e  on 


the  platform  and  release  it  automatically  when  the  upper 
level  is  reached.  In  running  the  cars  from  the  platform 
all  jar  is  eliminated  by  a  short  section  of  rails  fastened  by 
a  hinge  at  one  end,  the  other  end  of  wliicli  catclies  on  tlie 
platform  and  rising  slightly  with  the  i)latform  allows  the 
car  to  run  down  a  slight  grade  to  the  transfer  car. 

P'rom  the  transfer  on,  tlie  dryer  duplicates  the  lower 
dryer  until  the  ends  of  the  kiln  transfer  tracks  are  reach- 
ed.    At  both  ends  of  the  transfer  is  a  gravity  elevator,  the 
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couuter  weights  of  which  e<iual  in  weight  the  live  luiiidred 
brick  to  be  let  down.  Tliis  insures  an  easy  descent  with 
little  application  of  the  brake,  the  weight  of  the  car  only 
having  to  be  held,  and  so  cuts  down  the  chances  of  acci- 
dent. A  powerful  band  brake  restrains  the  descent  of  the 
3,500  pound  counter-weight  as  the  platform  returns  to  the 
upper  level.    A  system  of  b(^lts  operated  hy  the  l)rake  lever 


TRAfv*  S.     AIM.    CER.    feOC  .  VOL.  Xt|. 


locks  the  car  above  while  a  full  car  is  run  on,  and  again  at 
the  bottom  while  the  car  is  being  run  otf.  These  precau- 
tions cut  doyii  the  danger  of  accident  to  a  minimum. 

Dryer  Duct  System.  The  di-yer  duct  system  when  the 
plant  was  run  at  !)0,000  brick  capacity  consisted  of  an 
underground  duct  undei'iu^ith  tlu'  kiln  end  of  the  tunnels 
containing  thirty-two  square  feet.  In  tlie  to])  of  this  were 
openings  av(M'agiiig  oiu^  stpiare  foot  each  \\liicl)  op4M!('d  into 
the   tunnels   under  each    track.      FurtluM-iiiore   tliere   were 
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suppleaneiitary  ducts  at  right  angles  to  the  main  duct 
underneath  each  trtick  about  thirty  feet  h)ng  and  two  and 
one-half  feet  wide.  The  openings  from  these — usually  four 
in  nunil)er  arranged  at  intervals — averaged  a  scjuare  foot 
each,  making  ten  square  feet  of  opening  per  tunnel  all  to- 
uether. 


"r^A^M  £>.    Arvl.  CE.R  .    SOC      VOLVfl. 
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Underneath  tlie  tunnels  at  the  factory  end  was  lo- 
cated another  duct  containing  sixty-eight  square  feet  near 
the  exhaust  uptake  and  tapering  down  to  eighteen  square 
feet  at  the  eighteenth  tunnel.  The  openings  from  the 
tunnels  into  this  duct  were  18x36  inches,  but  had  been 
dampered  to  10"xl8"  near  the  exhaust  fan,  being  gradu- 
ated up  to  18x3(5  inches  at  the  eighteenth  tunnel. 

Fan  Equipment.  The  hot  air  drawn  from  the  kilns 
was  projudled  into  the  thirty-two  foot  duct  bv  a  standard 
blower,  eleven  feet  in  diameter  run  at  15(>  R.  P.  M.  by  a 
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thirty-five  H.  1*.  iiiotor,  and  exhausted  by  means  of  a  ten 
foot  disc  fan  run  at  KiG  1\.  P.  ^l.  l»y  means  of  a  ten  H.  P. 
motor. 

Tests.  Anemometer  tests  were  made  at  tliis  time  with 
tlie  results  sliown  in  Tables  I  and  II.  The  anemometer  was 
held  in  the  tenter  of  one  of  the  openings  into  the  exhaust 
duct,  the  tunnels  being  nearly  full  of  brick  and  the  doors 
closed.  The  velocity  in  the  main  ducts  was  not  taken  at 
this  time. 

It  will  be  observed  that  the  dampers  were  changed 
between  tests  one  and  two,  which  resulttnl  in  slightly  more 
even  conditions. 


12-24-08 
ANEMOMETER  TEST  No.  1 


12-26-08 
ANEMOMETER  TEST  No.  2 


Tunnel 


2  Holes 
Area 


Vel.        C.M.F. 


No.    1 I    2.5 

No.  2 .]  2.62 

No.  3 2.75 

No.  4 2.87 

No.  5 2 .  99 

No.  6 3.13 

No.  7 3.24 

No.  8 3.38 

No.  9 I   3.51 

No.  10 j  3.74 

No.  11 I  4.01 


No.  12. 
No.  13. 
No.  14. 
No.  15. 
No.  16. 
No.  17. 
No.  18. 


4.25 

4.75 

5.25 

9. 

7.5 

7.5 

9. 


1380 

1500 

930 

1050 

1130 

1070 

1100 

1240 

720 

650 

600 

520 

550 

550 

230 

200 

300 

300 


3440 
3925 
2560 
3010 
i  3395 
3350 
3580 
4190 
2520 
3180 
2406 
2210 
2610 
2900 
2070 
1500 
2250 
2700 


2. 

1200 

2400 

3. 

1050 

3150 

3.25 

1050 

3412 

3.37 

1070 

3606 

3.57 

1060 

3784  ! 

3.75 

1020 

3825  i 

2.75 

1250 

3437  1 

2.75 

1120 

3080 

4.5 

780 

3510 

3.75 

760 

2850 

4. 

640 

2560 

4. 

560 

2240 

4.5 

600 

2700 

5. 

600 

3000 

7.5 

200 

1500 

6. 

300 

1800 

6. 

400 

2400 

6. 

380 

2280 

Cold 


Med. 


Hot 


Av.  per  Tun  I  2.2751     770  I  1439 


2.10 


780  I  1432 


After  studying  these  tests  a  policy  of  wholesale  regu- 
lation was  determined  upon.  Arguing  that  with  an  area 
of  thirty-six  square  feet  in  the  blower  duct,  and  with 
blower  and  exhaust  fan  both  located  near  No.  1  tunnel, 
the  short-circuiting  of  the  air  through  the  first  tunnels- 
each  one  of  which  had  some  ten  s(|uare  feet  of  opening  in 
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front  and  two  and  one-(|uai'ter  feet  at  the  back — was  to  be 
expecteil,  tb.e  openings  into  the  blower  duct  were  closed 
down  HI! til  they  averaged  about  a  square  foot  each.  This 
gave  a  total  opening  of  thirty-six  square  feet,  wliich  was 
equal  to  tlie  area  of  the  blower  duct.  At  the  same  time 
the  openings  into  the  exhaust  duct  were  cut  down  so  tliat 
the  av(M-age  ojxMiiiig  was  about  a  s(iiiare  foot.     These  (qxMi- 


ings  wei-e  graduated,  however,  so  that  eacli  track  in  No.  1 
tunnel  had  about  half  a  stjuare  foot,  while  in  tunnels  Xo. 
IS  it  had  perhaps  a  square  foot  and  a  half.  The  results 
were  surprising.  Instead  of  blowing  Avhere  it  listed  the 
air  went  where  it  was  wanted.  The  tunnels  dried  the  brick 
evenly  and  dried  more  brick. 

It  was  found  that  much  better  results  could  be  ob- 
tained by  introducing  all  the  air  at  one  place  in  a  tunnel. 
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and  the  tlues  uiidei'iienth  the  tracks  were  aeeordinglv 
bricked  up.  It  seemed  that  witli  a  tender  clay  there  was 
much  less  loss  when  the  dry  liot  air,  as  it  came  from  the 
duct,  came  in  contact  witli  the  dryest  brick  first.  It  could 
not  injure  these,  but  did  absorl)  a  little  moisture,  and  ab- 
sorbino-  a  little  more,  as  it  passed  on,  by  tlie  time  it  struck 
the  really  tender  brick   half  way  up   the   tunnel,   it   was 


cari-,\iiiii;  sutticicnl  nioisiurc  to  reduce  its  absorbing  }m)\\(',- 
considerably.  As  a  result  these  brick  were  not  ci-acked  but 
were  dried  enough  to  pre])are  them  for  the  next  sta*>e  a 
little  further  on.  When  the  air  was  introdiKcd  thirty  feet 
up  the  tunnel  also,  it  struck  the  brick,  while  still  tender 
and  with  the  shrinkat^e  only  partly  out  of  them,  full  force 
with  its  absorptiveness  unimpaired  and  many  <racked 
brick  resulted. 

In  reiiiilatiii;!:.  the  (laiiiperiiii:  was  done  at  the  exhaust 
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end  of  the  tunnels  because  it  was  possible  to  close  the 
openings  there  more  easily  and  because  the  heat  made  it 
impossible  to  take  anemometer  readings  at  the  front  end. 
The  Avriter's  theory  has  been  that  permanent  regulation— 
to  offset  distance  from  the  exhaust  fan,  to  preyent  short 
circuiting,  etc.— should  be  done  at  the  exhaust  end,  damp- 
ers being  used  oyer  the  openings  from  the  bloAyer  duct  only 
when  for  some  reason  it  becomes  necessary  to  close  off  a 
tunnel  entirely.  The  disadyantages  of  attempting  to  oper- 
ate dampers  at  both  ends,  and  at  the  same  time  ro  attempt 
any  systematic  regulation,  are  manifest. 


[r  R  A  rv|  c..    /AM.    cEk. 
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Waste  Heat  Duct.  The  underground  duct  from  the 
kilns  had  been  installed  for  a  plant  of  about  50,000  daily 
capacity.  At  the  time  of  Test  I  Oyerhead  Duct  Xo.  1  hail 
not  been  constructed  nor  Section  A  and  B.  Oyerhead  Duct 
II  had  an  area  of  (i.2  scpiare  feet.  (NMiter  DoAYii-take  ai. 
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area  of  8.7  sijuare  fee^  and  the  iiiideriironiid  old  South 
Duct  averaged  six  S(iuare  feet.  The  North  Duct,  whicli 
has  siuce  become  th*^e  Main  Duct,  hepm  at  the  North 
Down  take  (12.5  square  feet)  which  was  fed  by  Overhead 
Duct  III  (9.9  sq.  ft.).  Section  (J  averaged  about  seven 
square  feet,  Section  D  9.5  square  feet,  Section  E  14  square 
feet,  Section  F  17.2  square  feet.  Section  G  21  square  feet. 
As  has  been  previously  stated,  it  was  found  after  it 
had  been  proved  that  the  dr3'er  was  proi)erly  regulated, 
that  more  tunnels  were  necessary  in  order  to  increase  the 
dryer  capacity.  The  tunnels  were  constructed  as  described. 
It  was  thought  best  to  have  the  upper  dryer  entirely  inde- 
pendent of  the  lower  drj-er.  The  flues  to  conduct  the  heat 
from  the  blower  duct  to  each  individual  track  were  there- 
fore constructed  in  tlie  walls  of  the  lower  dryer,  being 
made  of  flue  lining,  so  that  each  track  had  an  opening  of 
108  square  inches  or  .75  square  feet.  These  would  liave 
been  niade  larger'but  for  certain  constructional  difficulties 
encountered  wiiich  seemed  insurmountable.  The  same  ar- 
rangement was  made  at  the  exhaust  end  of  the  tunnels. 
The  policy  of  dampering  at  the  exhaust  end  of  the  tunnels 
was  contimu^l  as  in  tlie  lower  tunnels.  .Vs  soon  as  the 
upper  dryer  was  completed  ami  two-thirds  full  of  brick  an 
anemometer  test  was  run,  which  resulted  as  follows: 
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6-24-09 


ANEMOMETER  TEST  No.  3. 

Botli  Holes  -  Each  Tunnel. 


Uprer  D 

RYER 

Lower  Dr>  er 

Tunnel 

Area 

q.  Ft. 

1 
I'd             C.  F.  M 

Area 

Sq.  Ft. 

Vel. 

C.  F.  M. 

No.   1                     ] 

i     ^ 

L.285 
L.45 

730          935 
710        1030 

.75 

.75 

1570 

1510 

~"1490~ 

1510 

1177 
1133 

No.   2                      ] 

L28     j     770          986     \ 
L.28          790        1011 

.75 

.75 

1118 
1133 

No.   3                1     1.28     i     730          935    -j 
1.28     1     710          910     ' 

.75 

.75 

1730 
1690 

1298 
1269 

No.   4                     ] 

L.28 
L.28 

'30          935     1 
^50          960     1 

.875 
.875 

1590 
1590 

1392 
1392 

No.   5                     ] 

L.28 
L.28 

L';20~i~' 
L.28 

^90        1011     i 

r90      1011    1 

.75 
.75 

1490 
1450 
1550 
1550 

1118 
1090 

No.   6                     ] 

r70          9J 
r70          9J 

55     , 
56 

^6~[ 
58     1 

.75 
.75 

~T875~ 
.75 

1162 
1162 

No.    7 

L.28     i     ' 
L.28     1     J 

■70          9J 
510        10^ 

1530 
1630 

1340 
1222 

No.   8                     ] 

L.28          i 
L.28          l 

570        1115     1 
590          756     1 

.75 
.75 

1550 
1650 

1162 
1238 

No.   9                     ] 

1     ] 

L.28     1     ' 
L.28     i     I 

r90        1011     i 

)50          704     j 

2.12 
1.451 

800 
910 

1695 
1320 

No.   10                   ] 

L.38 
L.38 

. 

550          759     1 
L70          648     I 

.875 
.75 

870 
930 

761 

697 

No.   11                   ] 

L.23 

L.25 

510          751     1 

i70          713     1 

.75 

1.03 

.75 

.96 

1.00 

1.00 

540 
720 
670 
570 

405 
741 

No.   12                   1 

L.28 

L.45 

)50          7( 
190          71 

)4     1 
LI     i 
56     1 

53    ; 

503 

547 

No.   13              !     ] 

L.20 
L.28 

530        6: 
510          6. 

750 
780 

750 
780 

No.   14              1 

1 
1 

i 

1.65 
1.33 

570 
670 

941 

891 

No.   15 

: 

2.01 
1.72 

570 
530 

1146 
911 

No.   16 

2.19 
2.19 

470 
480 

1030 
1052 

No.   17 

i 

2.19 
2.19 

430 
390 

942 

855 

No.   18              1 

2.84 
2.84 

310 
350 

881 
995 

1 
Average  per  track . .  1     ] 

L.2 

92       .( 

1 

582        878.5 

1 

1.227 

1038 

1030 
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It  will  be  noted  that  tlie  O.  F.  M.  per  tunnel  is  more 
nearly  unifonn  than  in  Tests  I  and  II. 

Tunnel  No.  S,  lower,  has  a  total  opening  of  1.5  square 
feet  and  secures  2,400  0.  F.  M.,  while  No.  9  has  an  opening 
of  3.57  square  feet  and  secures  3,015  C.  F.  ;M.  The  blower 
duct  is  constricted  between  the  two  tunnels  which  tends  to 
increase  the  pressure  and,  hence,  the  C.  F.  M.  delivered 
to  No.  8,  No.  9  being-  rol)bed  in  proportion.  From  tliis  test 
it  was  seen  that  while  the  top  dryer  averaged  1.29  square 
feet  of  opening  per  track  it  averaged  only  878.5  C.  F.  M., 
\>'hile  the  lower  dryer  with  1.22  square  feet  averaged  1,030 
C.  F.  M.  The  deduction,  of  course,  was  tliat  the  frictional 
resistance  encountered  by  the  air  passing  to  the  upper 
dryer  reduced  its  velocity.  As  the  upper  Hues  could  not  be 
opened  any  wider  the  lower  dryer  tines  were  each  closed  oif 
twelve  percent.  The  increase  in  the  daily  output,  which 
had  been  curtailed  by  damp  l)rick,  was  immediately  ap- 
parent, amounting  to  perhaps  four  tliousand  a  day,  and 
the  brick  were  pulled  dry  from  tlie  upper  dryer  as  well  as 
from  the  lower  dryiM-,  ^^•lli<•ll  liad  not  been  the  case  before. 

New  Waste  Heat  Duct.  It  was  found  that  the  dryer 
after  being  regulated  would  dry  about  135,000  brick  per 
day,  on  an  average,  so  that  further  changes  were  necessary 
in  order  to  increase  the  dryer  capacity.  The  blower  in  use 
had  an  intake  of  thirty-eight  square  feet.  The  main  under- 
ground waste  heat  duct  had  an  area  of  twenty-one  square 
feet.  Referring  back  to  our  simile  of  the  water  pump  we 
had  here  a  case  of  a  one  inch  pipe  coupled  onto  a  tliree 
inch  suction.  It  was  therefore  decided  to  install  a  new 
underground  Axnste  lieat  system. 

Area  of  Underground  Duct.  It  was  figured  out  that 
there  would  not  often  be  more  tlian  two  150'  kilns  on  the 
dryer  at  one  time.  We  had  been  able  to  cool  this  type  of 
kiln  in  the  past  in  the  allotted  six  days  through  twelve 
square  feet  of  opening  in  (^acli  crown,  so  that  we  felt  safe 
in  establishing  as  a  standard  six  square  feet  per  100,000 
brick  to  b(^  cooh^l.     >Ve  accordingly  made  three  o])eniiigs 
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]/x6'  in  the  top  of  each  long  kiln  holdiiii;  300M  brick.  This 
gave  us  an  opportunity  to  cool  three  kilns  at  the  old  rate 
or,  if  we  thought  best,  we  could  cool  the  two  kilns  more 
rapidh'.  Three  overhead  ducts  were  constructed  over  the 
tops  of  the  long  kilns  with  an  average  area  of  twelve  square 
feet  each.  The  South  Downtake  coniniunicated  with  a  duct 
(A  I  containing  sixteen  square  feet,  which  took  care  of 
two-thirds  of  No.  10  kiln  (72M  brick — 6  openings  or  four 
square  feet).  This  in  turn  opened  into  a  duct  (B)  con- 
taining thirty  square  feet,  which  took  care  of  the  twelve 
square  feet  of  the  center  overhead  duct  and  four  s(|uare 
feet  from  Kiln  No.  11.  Section  C  took  care  of  this  duct 
and  the  North  Overhead  Duct,  and  so  contains  forty-two 
square  feet. 

NOTE. — Each  enlargement  contains  slightly  less  than  the 
sum  of  the  previous  areas  and  the  area  of  the  added  kiln  connec- 
tions. This  matter  was  mentioned  in  connection  with  the  equali- 
zation table. 

Section  D  contains  forty-eight  square  feet.  Section  E 
fifty-fonr  square  feet.  Section  F  fifty-four  square  feet  and 
Section  G  fifty-nine  and  one-half  s(iuare  feet,  the  general 
rule  being  followed  of  taking  care  of  each  lOOM  brick  with 
six  s(|uare  feet  of  duct.  This  necessitated,  of  course,  fig- 
uring out  how  many  at  a  time  of  each  group  of  kilns  would 
be  cooling  at  a  time,  as  illustrated  in  the  case  of  150' 
kilns. 

Construction.  The  duct  was  very  carefully  con- 
structed in  order  to  keep  out  the  water  during  flood  season. 
The  soil  consisted  mostly  of  sand  and  gravel,  long  dried  by 
the  heat  from  the  kiln  bottoms.  Tareful  timbering  was 
therefore  necessary,  as  the  duct  ran  within  a  few  inches  of 
the  kiln  foundations  in  many  places. 

The  method  was  briefly  as  follows:  Square  frames 
were  made  of  6x6  timbers  and  placed  about  six  feet  apart 
crosswise  of  the  proposed  ditch.  To  these  were  nailed  2" 
planks  parallel  to  the  ditch.  Usually  about  three  frames 
comprised  a  unit.     The  earth  Avas  dug  out  from  bet\\een 
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the  two  inch  phiiiks  and  tiiiow  n  (»iitsi(h'  (»f  thcni.  In  this 
way  the  cribs  were  lowered,  hciiii;  urucd  now  and  then  with 
a  maul  until  the  desired  (h'i)th  was  reached.  The  lt(>tt<Mn 
of  the  treuch  was  ])aved  witii  fi-oni  t\\(>  to  four  fourses  of 
liard  burned  brick  laid  in  a  one-to-one  mixture  of  cement 
and  sand.  'J'he  walls  of  the  duct  were  erected  on  this  pave- 
ment of  8''x8"  hollow  blocks,  backed  up  with  from  four  and 
one-half  to  thirteen  inches  of  brick,  plastered  on  the  out- 
side with  three-quai'ter  inches  of  cement.  The  inside  of 
the  duct  was  lined  with  three-quarter  inches  of  cement  on 
the  bottom  and  also  for  aUout  two  feet  up  the  sides.  This 
i;ave  a  smooth  sui-face,  helped  keep  out  the  water  and  gave 
us  a  chance  to  maintain  a  uniform  grade  to  the  two  sumps, 
which  were  constructed  at  opposite  ends  of  the  duct  and 
extended  two  feet  below  its  lowest  portion.  The  duct  was 
covered  with  a  (>'',  one  to  five  mixture,  concrete  slab  i:ein- 
forced  with  (me-(inarter  inch  electrically  welded  reinforc- 
ing netting.  Every  four  feet  the  duct  was  crossed  with  a 
twelve  pound  rail.  Notclies  were  left  in  the  top  of  the 
wall  which  received  a  portion  of  the  slab  and  tied  it  to  tlie 
wall.  A  concrete  slab  five  and  a  half  inches  thick,  rein- 
forced with  one-quarter  inch  netting  on  an  eight  foot  s])an 
will  support  a  concentrated  load  of  4,000  lbs.  with  a  factor 
of  safety  of  two.  It  is  also  guaranteed  to  stand  1700  de- 
grees F  when  made  one  to  six  mixture.  A  cart  of  coal  con- 
taining a  ton,  weighing  perhaps  3,500  pounds,  distributed 
at  two  points,  is  al)Out  the  heaviest  thing  that  crosses  a 
waste  heat  duct,  so  that  our  construction  allowed  at  least 
a  good  factor  of  safety.  It  required  sixteen  days  to  com- 
plete this  duct  from  the  time  the  excavation  was  begun. 
Nine  days  later  it  was  thrown  into  commission  and  has 
been  in  use  ever  since. 

The  effect  of  this  was  immediate.  The  C.  F.  :\I.  in 
the  blow^er  duct  increased  from  57,000  to  83,000,  or  al>ont 
44%,  and  we  were  able  to  dry  155M  brick  per  day  instead 
of  the  previous  limit  of  135M.  The  anemometer  test  made 
of  the  previous  limit  of  135M.  The  anemometer  test,  made 
about  two  weeks  after  the  duct  was  thrown  into  com- 
mission, follows: 
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ANEMOMETER  TEST  No.  4. 
8-26-09,   P.   M. 


Upper  Dkyer 

Lower  Dryer 

Tuntel 

Area 

Sq.  Ft. 

Vel. 

C.  F.  M. 

Arta 
Sq.  Ft. 

Vel. 

C.  F.  M. 

No.  1 

1.28 

1.28 

750 
790 

960 
1012 
1174 

935 

.675 
.825 

1 

1630  i  1100 
1570    1296 

No.  2 

1.28 
1.28 

910 
730 

.787    1630  1  1282 
.825    1830  1  1510 

No.  3 

1.28 
1.28 

650 
810 

832 
1037 

.901 
.826 

1510  1  1360 
1770  1  1462 
1570  1  1178 
1750    1312 

No.  4 

1.28 

1.28 
~1.28' 

1.28 
~1.28~ 

1.28 

670 
730 

~870"^ 
830 

858 
935 

.750 
.750 

No.  5 

1112 
1062 

.675 
.675 

1790    1208 

1790    1208 

""I630~i~1835~ 

1750    1577 

No.  6 

830 
750 

1062 
960 

!  1.125 
.901 

No.  7 

1.28 
1.28 

770 
810 

986 
1037 

.675 
.750 

1330 
1630 

898 
1222 

No.  S 

1.28 
1.28 

810 
810 

1037 
1037 

1   .750  1  1630    1222 
.750    1770    1328 

No.  9      1  1.28 
j  1.28 

630 

580 

806 
743 

.778  1   950     738 
.687  !   990     680 

No.  10 

1.28 
1.28 

630 
650 

806 
832 

756 
832 

.825 
.825 
~70 
.791 

1370 
1270 

1130 

1048 

No.  11 

1.28    590 
1.28    650 

1310  1   917 
1310    1036 

No.  12     1  1.28 
1.28 

570 

570 

730  1   .687 
730  1   .500 

1150 
1250 

790 
626 

No.  13     1  1.28 
1  1.28 

650 
590 

832 

756 
~730~ 

832 
~832~ 

730 
~653~ 

653 

1   .625  1  1190 
1   .496    1270  ■ 

744 
630 

No.  14     1  1.28 
1.28 

570 
650 

.531    1290 
.563  1  1370 

686 

772 

No.  15       1.28    650 
1.28    570 

.483  i   830 
.508  j   910 

401 
462 

No.  16     1  1.28 
1.28 

510 
510 
410 
470 

1   .625    1030 
.583    1110 

644 
648 

No.  17     1  1.28 
1  1.28 

525 
602 

.75 
.666 

930 
1050 

697 
700 

No.  18     1  1.28    310 
1  1.28    450 

397 

577 

.87 
.785 

1070 
950 

932 
746 

Average  

1.28 

872 

.692 

996 

27 

i8 
29 
30 

July     I 

2 
3 
4 
5 

6 
7 
8 
9 
1(1 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


i          >.     '      s 

•5 

1 

a           S 

s 

Tues.  j 

2 

Wed.     94.8 

103  6 

■■i 

Thur.    95  2 

103  8 

4 

Fri.        97  6 

88. 3 

o 

Sat.        66 . 7 

90  3 

6 

Sun.     

7 

Mon.  I101.4 

85.2 

S 

Tues.    100 

103 

9 

Wed.    116  6 

102  8 

10 

Thur.  124 

103  1 

U 

Fri.        !)9 

102.7 

12 

Sat.       106 

100.6 

13 
14 

Suu.         .    .  . 

Mon.    130 

102.6 

15    Tues.    130 

100  6 

16    Wed.    120.5 

102  5 

17 

Thur.  133 

102 

18 

Fri.      119 

90 

19 

Sat.       106 

119 

•^0 

Sun. 

21 

Mon.    110.8 

119 

22 

Tues.    127  3 

119 

23 

Wed     136 

119  4 

24 

Thur.  131 

117.5 

•i5 

Fri.       lie 

116.2 

26 

Sat.      110.6 

114.2 

Sun 

Mon. 

Tues. 

Wed 

Thur. 

Fri. 

Sat 

Sun 

Men. 

Tues. 

Wed. 

Thur. 

iFri. 

Sat. 

Sun. 

Men. 

,Tues. 

Wed 

Thur. 

Fri 

Sat. 

Sun. 

Mon. 

Tues, 

Wed. 

Tlmr 


128 

131 

132.1 

122 

'30.2 


23    Fri. 


135.2 
130.4 
134.6 
136 . 1 
127 

137  1 
145.1 
150.1 
145  I 
121  4 
139.4 


132  6 
135  3 
134 
126  2 
136.4 


150. 
151 
152 
148 


135.8 
137.1 
138.9 
138  7 
136.7 

147'6 
1.38  2 
136  4 
139 
110 
130.1 


136  1 
139 
1.3S  3 

137  9 


240° 


250 
260 


270 

280 


276 
260 


270 

280 
it 

260 

280 


162.5  135.5  275 


0 
o 
0 
II 
i) 
0 
0 
0 
0 
0 
0 
(I 
5 
5 
8 
8 
8 
8 
8 
11 
11 
11 
12 

13 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
12 
12 
2 
12 
12 
13 
13 
14 
14 
16 
15 

16 


5  Conil  t  Krick 

•^    a    5 

J   "  Top      I     Bot. 

Dryer       Dryer 


Top  Temp. 


Wet 


Wet 


Dry 

Damp 
Wet 


Back 


56100 


Dry 

Wet 

It 
Damp 


64100 


Dry 

(. 

Damp 
Wet 


57800 


4-^584 


i  52992 

5088(1 

'  54400 


Dry 
Wet 
Damp 


Dry 

Damp 

Wet 


Dry 


Dry 


Damp 

Wet 


Damp 
Wet 


Dry 


Dry 


Damp 
Wet 


Dry 
Wet 


177°F 

171 

164 

166 

170 


163 
178 
193 
160 
170 


Bijttom  Temp. 


Front         Back 


91  °F  163°F 
84   162 
100   154 

149 

142 


92 

97 


90 

91 

93 

104 

102 


160 
163 
154 
150 

160 
145 
148 
160 
160 


130 


92 
95 
94 

98 

90 

88 

88 
85 
78 


84 


162 
179 
175 
162 
145 


170 
160 
170 
160 


165 

160 
160 
165 
165 


120 


1 

BLOWER     DATA 

Exbaast  Disc  Data 

•s 

General  Observations 

1   «: 

Vel.  Ait 

Shutter 
Open 

Kilos  on  W.  H.  Duct 
Condition  — Portion  Open 

< 
> 

Q 

m 

Q 

Holiday 

1.  .  . 

3 
3 
3 

No  loss  in  June  or! . . 

July   above   ten'.. 

per  car. 

1 

1 

3 

i 

3 

1 
1 . . . 

4" 
3 

1 
i 

Steam  Hyd.  Elev.  . . 

j     

i     

\. '.'.'.'.. 

3 
3 
3 
3 

4 

In  Commission 

1..  . 

Wood  Fire 

3 
3 
3 

1  Pulling  only 
[  Lower 
)  Tunnels 

I.. 

.... 

3 

... 

1 

1  •  • 

3 

146 



1750 
1690 

4 
3 
3 
8 

3 
9 

See  Ther.  Test  1 

)  See  Ann.  Test  3 
}  See  Ther  Test  2 
See  Ther.  Test  3 

16,  16,  1 

165 

640 

4352(1 

... 

3 

Decreased  Lower 

.    

■   •  •  •  • 

.R  8 

Ex.  open  12% 

835 

66780 

3.8 
3.7 

165 

13,  7  .    

1(54 

Temperature  and  humidity 

... 

•  wet  62°,   dry  75°,  humidity  47 
3,9,  10  8,  14 .. 

200 

924 

62832 

156 

..  .1 

i48 

1804 

wet  60°,  dry  70°,  humidity  65. 

....   wet  57°,  dry  68°,  humidity  66. 

W(^t.  fin°     f\rv  7C\°      ViTiTnirlifxT   KK. 

lOi  i 

B30 

56440 

Began  Excav 
New  W.  H.  Duct. 

Wood  Fire 

•  1        It 

1362 

.....'.  1 

3^2!!!!!!!!;!!!!!.;"!.;;;;;;;;;;; 

" 

11        li 

1.        11 

156 
145 
148 

\ 

1656 
1590 
1700 

40/       1 
40/       1 
40/       1 

,  9  a.  m 

) 

,  ^2:60  p.  m 

,  4:46  p.  m •. 

Hi)} 

<96 

6()928 

"2 

a. 

a 

St- 

Condit  Biick 

Top  Temp. 

Bottom  Temp. 

e 
o 

s 

>> 

H 

s 

a 

3 

a,  a. 
DO 

Top 

Bot. 

Front 

Back 

Front 

Back 

s 

c 
24 

a 

s 

Q 

16 

Dryer 

Wet 

Dryer 

July 

Sat. 

134.8 

138.1 

275 

59200 

Wet 

160 

84 

160 

94 

ti 

25 
•26 

Sun 
Mon. 

i'bo' 

13s" 

260 
260 

16 
17 

Dry 

Dry 

150 

87 

" 

158 

93 

" 

27 

Tues. 

135 

130. 3 

275 

17 

•' 

■' 

167 

92 

165 

86 

>< 

28 
29 

Wed. 
Tliur. 

153.6 

l31  9 

134.3 
139.6 

280 

280 

18 
18 

Damp 

Damp 

160 

168 

92 
92 

175 
167 

102 

It 

102 

" 

30 

Fri. 

134 

136.7 

280 

18 

62400 

Wet 

Wet 

170 

94 

170 

94 

1  ■ 

31 

1 
2 

Sat. 
Sun 
Mon. 

132 

134 

275 

280 
260 

18 
18 
18 

" 

" 

Auff 

"iso" 

133.4 

137.6 

Damp 

Dry 

112 

" 

3 

Tues. 

136.5 

137-9 

28  J 

18 

" 

" 

170 

9» 

165 

106 

" 

4 

Wed 

133.5 

131.4 

280 

18 

(t 

" 

170 

92 

165 

95 

" 

5 

Thur. 

136 

138.3 

275 

18 

Wet 

" 

" 

(5 

Fri. 

139 

135.8 

260 

18 

<  i 

ii 

X 

7 
8 

9 

Sa^ 
Sun. 

Mon. 

275 

280 

240 

18 
18 

18 

(1 
Dry 

Dry 

i85 
215 

90 
96 

164 
180 

P4 

(> 

81456 

i< 

135 

136.5 

105 

" 

10 

Tues. 

136.7 

139.1 

240 

18 

87520 

'« 

11 

205 

98 

174 

100 

" 

11 

Wed. 

140.6 

142 

230 

18 

96638 

■ ' 

II 

192 

102 

182 

108 

" 

12 

Thur. 

139 

142 

24it 

18 

{  87670  \ 
(  932(10  j 

" 

" 

190 

92 

188 

102 

" 

13 

Fri. 

136  2 

145 

240 

18 

87819 

" 

" 

'192 

98 

180 

100 

" 

14 

Sat. 

146 

153 

240 

18 

.  •  .  ,       ... 

.   •  •  • 

■18  J 

95 

180 

Ht6 

" 

IB 

Sun. 

.... 

240 

18 

Dry 

Dry 

" 

16 

Mon, 

146 

152.7 

236 

18 

86773 

" 

" 

176 

94 

174 

107 

" 

17 

Tues. 

162.2 

152.4 

240 

18 

93788 

" 

" 

189 

93 

176 

106 

<' 

18 

Wed. 

117.5 

151.2 

245 

IS 

93798 

" 

11 

174 

97 

174 

106 

" 

19 

Thur 

147  6 

152.6 

250 

18 

93574 

S.  D'p 

" 

188 

97 

196 

1«8 

" 

20 

Fri 

1+7.4 

152.8 

240 

18 

97610 

II     <> 

ii 

186 

92 

188 

107 

<k 

21 
22 

Sat. 
Sun 

125.2 

152.0 

240 

18 
18 
18 

Dry 

" 

205 

92 

181 

102 

t> 

" 

23 

Mon 

144.3 

154 

245 

102917 

Dry 

Dry 

186 

91 

188 

108 

" 

24 

Taes. 

149 

162  5 

250 

18 

93200 

•' 

" 

201 

99 

204 

109 

" 

25 

Wed 

149  5 

147.0 

245 

18 

90211 

" 

" 

196 

94 

201 

1 10 

" 

26 

Thur. 

150.3 

153  6 

250 

18 

95443 

" 

" 

" 

27 

Fri. 

142.8 

156  9 

250 

18 

" 

" 

" 

28 

Sat. 

136.3 

150.9 

240 

18 

Damp 

" 

" 

99 

Sun 

240 

IS 

" 

30 

Mon. 

153.1 

157.1 

250 

18 

89613 

Dry 

Dry 

172 

97 

i89 

102 

" 

31 

Tues. 

150 

153  8 

250 

18 

81092 

Damp 

" 

187 

99 

180 

111 

Sept. 

1 

Wed. 

153  4 

137.9 

250 

18 

837^3 

" 

" 

191 

99 

193 

114 

" 

2 

Thur 

147.5 

137.9 

250 

18 

86474 

" 

" 

180 

98 

191 

113 

" 

3 

Fri. 

134.9 

132  9 

245 

18 

87147 

" 

1  < 

175 

93 

184 

104 

" 

4 

Sat. 

123.6 

135.9 

246 

18 

85961 

Wet 

" 

178 

91 

177 

111 

<> 

5 

6 

7 

Sun. 
Mon. 

Tues. 

245 
245 

230 

•18 
18 

18 

<< 

147.7 

158 

Dry 

196 

110 

188 

" 

93574 

Dry 

138 

ii 

8 

Wed, 

144.4 

148  9 

215 

18 

112408 

II 

" 

191 

105 

188 

135 

" 

9 

Thur. 

141 

151  5 

18 

93574 

" 

" 

180 

92 

181 

110 

I, 

10 

Fri 

147 

152.4 

18 

86922 

II 

" 

BLOWERDATA                                                       Exhamt  Disc  Data 

General  Obser?ations 

s       1 

||. 

Kilns  on  W.  H    Dact. 
ConditioLS — Port  on  Open 

i 

< 
> 

Wood  Fire 

166 

185U 

4»'+ 

1,  12:45  p.  m 

( (        I 

.(        ( 

"        ' 

60' 

3:35  p    ni 

(i                      4 

156 

1950 

Concrete  Fin. 

)  Tunnels 

Wood  fire  in  f urnacf    

I  Pulled 

J  Unevenly 

a            a       a            (( 

(  Blower 

w            (<       ii            i. 

\  Duct  Enlarged 
i  32'''  to  37'" 

<  (             a       (i             1 1 

13   18 

13,  14,  6,  12 

. 

j  New  Waste  H. 
\  Duet  used 

156   2260 

156    2342 
152:  2.-36S 

152  2346 

153  2494 
152    2350 

p' 

20' 
40/ 
00' 
6.6«' 

JO' 

2  .5"' 

0. 

0. 

0. 

0 

18,  13,  ^14            

13,  fO,  il4,  ii2 : 

13,  §6,  "^14,  12  \ 

200 
200 

904 
930 

61472 

63240 

j 

( 

hli,  6,  ^19,  12  )     

2,  12,  19' 

2    17,  19 

... 

■  ■ 

19c,  17  h,  i  2  c 

15-2    2822 
168    2590 
153    2510 
153    '>.=iO-i 

19  c,  17  h,  2  c,  \  3h    

19c    17  c,  2c    i8h-             

oh,  s  u  h,  17  c,  2c.  i3  c 

5h,  1  11  h,  17  c,  2  c.  3  c 

1    4  5   7    16 

152 

2612 

152 

97A4 

0 

.5"' 
0. 
.5«' 

Ih  4c  ^6c   A7h    il6h 

152    2494 
152    2414 
152    2554 

Ic4hl6h                         

See  Ther.  Test  5 

1  c  4  c,  16  h,  7  h    

195 

726 

See  Ann.  Test  4 

1  c,  7  c,  16  c,  4  c 

1   7,  9,  16     

9,  15,  16 

49868 

Top  pulled  heavy 

Top  pulled  heavy 
I,        1 .            i( 

153    2398 

152  2170 

153  •^'>4() 

0. 
0. 

20' 

0, 
0. 
0. 

9  c,  15  h,  16c 

18  (600"),  15  (550"),  16  c 

15  (450°),  18  (450°),  8  (550°)  16  c   

f  8  (.500°),  1  18  (350"j,  h  16  (470°) 

(  Blower  shut 
I  down  7  lirs. 

152 
162 
1.52 

2314 
2332 
2300 

1  f  8  (380°),  f  10  (660°),  i  12  (780°)  ) 
U15  (260°),  i  18  (39(,°)                     (■•■•• 
f.l6  (120°),  f  10  (430°),   1  8  (240°),  ) 
118(300°),^  12  (640°)                        \  '••■ 

....Nol( 

Auj 

....  Sept 

jss  in . 

;.   or 

above . . : 

152 

1.52 
1  2 

2509 
3008 
2504 

0. 
16"' 

4"' 

ji  13  ■,570"),  ^   12   (170°),  8(60°;,-»  ' 

t  1  10  (170°),  18  c                               ( 

)  6  (320°).  10  c.   12  (40°;,  13  (410"),  \ 
)  14  (660"),  ISc,  K  c                             )  ••• 
;  34    (63t.°),     6   (240°,    13    (27C°), 
)  12  (.36'M.  8  c    10  (20"^,  18  c              i"- 
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Tliis  clo.sefs  the  record  of  constructional  clianges  to 
date.  Next  month  we  will  install  the  fonrteen  foot  blower 
for  which  the  duct  was  constructed,  which  will  give  us 
somewhere  in  the  neighborhood  of  150,000  C.  F.  M.  The 
calendar  contains  the  data  from  which  a  large  portion  of 
the  foregoing  conclusions  were  drawn  : 

I.  June  25th.  As  a  result  of  the  aneuiometer  test 
made  on  this  date  the  exhaust  openings  in  the  lower  dryer 
were  closed  off  twelve  percent,  as  previously  noted,  and 
the  temperature  in  the  lower  duct  raised  from  240  degrees 
to  280  degrees.  This  was  considered  safe  as  the  extra  tun- 
nels throw  n  into  commission  retarded  the  progress  of  the 
brick  through  the  tunnels,  giving  them  nearly  four  days 
to  reach  the  hot  end.  It  was  figured  that  the  high  moisture 
carrying  capacity  of  the  air  at  a  higher  temperature  would 
in  a  measure  offset  the  lower  quanitity  of  air  received  by 
earli  tunnel,  and  at  the  same  time,  since  the  water  would  be 
removed  from  each  individual  brick  no  faster,  there  would 
be  no  great  loss  from  checked  brick.  Jn  this  we  were  justi- 
fied, and  from  2()0  to  280  degrees  were  carried  until  the 
new  waste  heat  du(^t  was  thrown  in. 

II.  The  difference  in  temperature  between  the  air  in 
the  blower  duct  and  in  the  front  of  the  tunnels  directly 
over  the  duct  the  writer  is  inclined  to  lay  to  the  effect  of 
the  rapid  evaporation  taking  place  in  the  tunnels,  and 
possibly  to  some  extent  to  the  lower  temperature  on  the 
outside  of  the  door.  The  hygrometer  was  placed  on  the 
floor  of  the  tunnel  leaning  against  a  car  of  brick,  and  the 
doors  closed  for  about  five  minutes.  Temperatures  taken 
directly  in  the  openings  from  the  blower  duct  to  the  tun- 
nel showed  almost  the  same  temperature  as  registered  on 
the  Bristol,  so  the  fall  in  the  temperature  took  place  im- 
mediately after  the  air  emergefl  into  the  tunnel. 

III.  The  disc  fan  was  spee<led  u]>  from  164  to  200 
R.  P.  M.  on  July  7th.  There  is  considerable  variation  in 
the  air  delivered  by  this  fan.  On  the  7th  it  gives  62,832 
C.  F.  M.    (Blower  57,800).     (Mi  the  17th  5(;.440  (\  F.  M. 
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(Blower  43,584).  On  the  16tli  60,928  C.  F.  M.  i  Klower 
54,4001.  The  amount  delivered  by  the  disc  seems  to  vary 
with  the  amount  of  air  delivered  by  the  blower,  which  is 
what  one  would  expeet. 

IV.  The  variation  in  the  amount  of  air  <leliv(*r('d  by 
the  blower  varies  pretty  consistently  with  tlie  distance 
traversed  by  the  air  from  the  kilns. 

July  '2,  54,100  C.  F.  M.,  kilns  cooled  r.^mote. 

July  7,  57,800  C.  F.  M.,  kilns  coole<l  in-ar. 

Aug.  0,  84,450  (\   F.  M.,  kilns  cooled  icmote.        < 

Aug.  23,  102,917  C.  F.  M.,  kilns  cooled  near. 

The  amount  of  air  is  also  affected  by  the  amount  the 
shutter  is  open  and  by  the  number  of  kilns  on  the  duct. 
The  greatest  amount  of  air  delivered  after  the  enlargement 
of  tlie  duc^  was  112,408  cubic  feet  when  a  large  mnnber  of 
kilns  were  on  and  the  shutter  opened  sixteen  square  feet. 
The  least  noted  was  81,092  C.  F.  M.  with  the  shutter  closed 
and  with  kilns  No.  15,  No.  16  and  No.  18  on — few  and  all 
remote. 

Temperature  Tests.  As  the  anemometer  tests  in- 
volved considerable  trouble,  they  were  taken  only  occa- 
sionally when  it  seemed  necessary  to  materially  change  the 
policy  of  handling  the  dryer.  One  test  was  in  most  cases 
sufficient  to  locate  the  trouble  beyond  question.  It  would 
have  been  interesting  to  liave  had  anemometer  tests  after 
the  corrections  were  made,  but  as  a  second  test  was  not 
ucessary  it  was  not  taken. 

In  order  to  keep  the  dryer  in  balance  under  ordinary 
conditions  a  daily  test  was  made  with  the  liygrometer,  ex- 
amples of  which  follow: 
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96 
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27 
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96 
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12 

93 

106 
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1 

101 
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20 

84 

88 

90 

98 
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3 

92 

104 

72 

2 

99 

144 

28 

88- 

93 

98 

96 

166 

11 

89 

100 

57 

3 

9U 

116 

43 

86 

92 

84 

94 

162 

13 

93 

105 

58 

4 

100 

144 

28 

91 

95 

91 

96 

164 

13 

92 

104 

72 

5 

98 

130 

34 

88 

94 

80 

95 

168 

10 

92 

100 

80 

6 

100 

168 

14 

97 

100 

90 

101 

193 

0 

94 

104 

77 

7 

100 

164 

16 

92 

98 

80 

96 

158 

16 

92 

100 

80 

8 

108 

167 

20 

90 

91 

100 

100 

167 

14 

91 

99 

80 

9 

112 

172 

20 

92 

98 

80 

94 

162 

13 

93 

98 

90 

10 

112 

188 

11 

92 

97 

80 

101 

181 

5 

86 

98 

74 

11 

106 

164 

19 

92 

94 

92 

101 

160 

19 

92 

96 

92 

12 

1-08 

166 

20 

89 

96 

88 

101 

158 

19 

92 

98 

90 

13 

106 

152 

^,H 

9',^ 

94 

92 

14 

101 

164 

16 

87 

90 

90 

15 

106 

140 

35 

87 

90 

90 

1 

16 

101 

139 

32 

84 

86 

94 

17 

100 

152 

24 
24.1 

80 

86 
93.3 

80 
88.8 

L... 

18 

11.38 



101 

76.8 

Average 

153.5 

169 

Average  Weight  of  Dry   Brick,   6.92     lbs.  per  brick 
Average  Weight  of  Moisture,      1.215  lbs.  per  brick 


These  tests  were  enoiigli  foi-  all  ])i'a('tic:il  i)m'|M)ses, 
and  were  found  so  valuable  that  tliey  were  made  a  perma- 
nent institntion.  The  man  in  charge  of  the  dryer  therefore 
runs  a  test  every  moruino-  and  reports  to  the  office  the  tem- 
peratures in  eaeh  tunnel.  This  requires  about  an  hour  of 
his  time,  but  we  are  assured  that  every  day  the  whole  dryer 
is  operating  properly  and  is  in  balanee.  It  also  insures  an 
inspection  of  every  tunnel.  He  makes  sure  that  the  flues 
are  not  blocked  and  that  the  dami>ers  are  in  pbir(%  and  if 
the  brick  are  checking  or  softening,  tiie  neie.ssary  changes 
are  made  in  that  tunnel.  The  fact  that  there  has  been  no 
large  drver  loss  e.\ce])t   under  a'bjiormal    conditions,   and 
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3 

85 

90 
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34 

92 

94 

92 

94 
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19 

90 

96 

80 

2 
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1   126 

43 

90 

92 

92 

96 
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2 

85 

90 

82 

3 
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j   160 

19 

92 

94 

92 
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170 

5 

86 

90 

86 

4 

98 
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30 

92 

94 

92 
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144 

24 

84 

90 

81 

5 
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1  31 

90 

92 

92 

98 
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0 

88 

90 

91 

6 
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96 

98 

98 

96 
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8 

88 

92 

85 

7 
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160 

1  26 
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98 

95 
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86 

92 
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90 
90 
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90 
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94 
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86 
73 
88 

15 
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1  16 

98 

17 
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99.5 

80.6 

Average 

|149.7 

127.3 

95.1 

88.7 

178.4 

12.7 

TEMPERATURES  (Mean  of  Mean),  HUMIDITIES  WESTERN 
WASHINGTON. 


s 

S 

S 

i 

-■ 

5^ 

E 

3 

< 

Rel.  H 

8AM 

87    42° 

85!   50° 

851 

63° 

89 

52° 

86|   52° 

In  % 

8PM 

79 

601 

53| 

72 

661 

Grains  Abs. 


SAM  I  2.47 
8PM     2.56 


i2.84i 


14.02 

|4.17 


[3.40 
13.53 


13.181 

13.271 


Jan.  1,  1894  —  Dec.  31,  1903 


tliat  tlie  (IrvM-  has  tnriied  out  its  full  capacity,  lias  .justi- 

fied  tins  cxpeiiditnre.      Tlu^  dryer  has  been   the  limitiusij 

factor  ill  our  output  whicli  made  this  last  point  essential. 

The  writer  lays  the  variation  in  teinperatiire  in  ditfer- 
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ent  niiiiiels  partly  to  the  difference  in  ti,i>litness  of  the  var- 
ious doors,  and  i>artly  to  the  dryness  or  wetness  of  the  car 
of  brick  in  close  proximity  to  the  hygrometer.  It  is  very 
ini]>ortant  that  the  dryer  doors  be  kept  in  good  condition 
and  arranged  to  close  tightly.  In  making  anemometer 
tests  at  another  plant  the  writer  has  obtained  readings  as 
high  as  2,250  C.  F.  M.  in  a  tunnel  in  the  opening  Iciiding 
to  the  exhaust  duct  when  he  could  get  no  motion  at  all 
above,  below  or  on  either  side  of  the  cars  of  brick.  On 
investigating  it  was  found  that  the  air  was  all  passing 
through  a  crack  under  the  tunnel  do(n*s.  T1h's<'  cracks 
were  covered  with  strips  of  belting,  and  the  iiiiju-ovcinent 
in  the  drying  was  immediately  discernable. 

It  has  been  noticed  that  the  tem]M'ratui('  (»ii   Monday 
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87 

94 

75 

AVERAGES  ON  DATA  FOR  8—24,  25  and  26,  1909. 


Averate 


Front  Temp 

Back  Temp 

148.5 
93.6 

Difference  

54.9  1 

Front  Hum 

26.9 

88. 

~"  6lTl~ 

Back  Hum 

Diff.  Hum 

172.6 
99.3 


(3.3 


12.5 
76.9 


64.3 


160.6 
96.4 


64. 


19.7 

82.4 


62. 


is  naturallj  higher  in  the  tunnels  in  proportion  to  the  tem- 
perature in  the  blower  duct,  than  on  any  other  day  of  the 
week.  This  is,  of  course,  due  to  the  extra  day's  drying 
over  Sunday.  It  is  necessary,  therefore,  to  watch  the  brick 
very  closely  to  prevent  checking  the  first  of  the  week.     To 
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offset  this  the  usual  procedure  has  been  to  cut  the  temper- 
ature iu  tlie  duct  down  to  230  or  240  degrees  Monday  morn- 
ing, raising  it  during  the  week  until  Saturday,  when  the 
temperature  will  be  allowed  to  run  up  to  250  or  260  de- 
grees. This  policy  protects  the  green  brick  nuide  Monday 
morning  and  shoved  in  behind  comparatively  (\vy  Inick, 
which  have  had  the  benefit  of  the  extra  day. 

Softening  or  slumping  takes  place  at  the  exhaust  end 
of  the  tunnels  when  there  is  too  much  moisture  in  the  air. 
This  does  not  occur  except  when  there  is  water  in  the  duct 
from  the  kilns  or  in  the  blower  duct.  When  there  is,  it  is 
necessary  to  drop  the  temperature  in  the  ducts  below  the 
boiling  point,  180  to  200,  which  gives  140  to  170  degrees 
at  the  hot  end  of  the  tunnels,  otherwise  so  much  water  is 
taken  up  by  the  air  passing  over  this  water  that  when 
the  cool  end  of  the  tunnels  is  reached  the  condensation 
sioftens  and  squashes  the  brick.  Water  in  the  Avaste 
heat  duct  is  a  much  commoner  occurrence  than  it  should 
be,  throughout  the  country,  and  is  responsible  for  a  good 
many  troubles  that  are  very  often  laid  to  something  else. 

Waste  Heat  from  Kilns. 

Four  methods  are  used  in  removing  the  Avaste  gases 
from  the  kilns.  On  the  150  foot  rectangulars  the  heat  is 
taken  out  of  the  crowns  as  previously  described  through 
openings,  each  containing  six  square  feet,  and  then  drawn 
through  three  by  four  foot  overhead  ducts.  These  ducts  are 
supported  on  the  kiln  walls  and  between  kilns  upon  trusses 
formed  f»f  sixty  pound  rails.  The  walls  of  these  ducts  are 
made  of  fire  brick  and  ;ire  four  and  one-half  inches  thick, 
stiffe^M^l  by  ]ti]ast('i-s.  Tlic  top  covering  is  made  of  fii'e 
brick  laid  flatwise  between  T  irons  and  covered  with  ce- 
ment. Built  this  Avay  the  ducts  show  very  little  tendency 
to  crack  except  the  ])oi-tion  resting  (»ii  tlie  croAvns.  An  ex- 
pansion joint  allows  to  some  extent  for  the  rise  and  fall  of 
the  crown,  but  the  mud  bucket  is  in  demand  CA^ery  feAv 
l>urns. 
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Od  tlie  smaller  recta iii>iilar  kilns  the  heat  is  drawu 
from  the  kiln  tlue  at  the  stack  in  the  conventional  manner. 
This  is  sni)plement(Ml,  liowever,  by  an  oi)eniini  cnt  in  the 
upper  part  of  the  kiln  and  in  the  stack,  which  is  built 
against  one  end  of  the  kiln.  By  damperiiig  the  toj)  of  the 
stack  it  is  possible  to  draw  heat  from  the  to]>  of  the  kiln 
as  well  as  from  the  bottom,  the  stack  forming  a  soi-t  of 
downtake. 

On  the  round  kilns  the  heat  is  draAYii  dowiiAYard 
through  the  bags.  This  is  accomplished  by  running  a 
small  subsidiary  duct  from  the  waste  heat  duct  u])  under 
the  ash  pit,  coYcring  tlie  opening  with  a  plate  A\]iich  is 
remoYed  by  means  of  a  device  similar  to  a  stove-lid  lifter 
mounted  on  wheels.  As  soon  as  the  fires  are  out  the  ashes 
are  raked  from  two  or  three  grates,  the  lid  is  removed  and 
set  up  cross  wise  over  the  ash  pit  opening,  and  the  gases 
begin  immediately  to  pass  doAYiiward  through  the  firebag 
into  the  waste  heat  duct. 

It  is  difficult  to  say  which  is  the  most  efficient  (hnii-e, 
as  each  one  seems  to  suit  its  Oiwn  conditions  best.  In  tlie 
writer's  opinion  it  makes  little  difference  as  fai-  as  the 
dryer  is  concerned  from  which  ])art  of  the  kiln  the  ]ie:it 
is  remoYed.  It  has  got  to  come  down  any  way,  and  if 
sufficient  opening  is  allowed  per  thousand  lirick  eitliei- 
method  seems  to  prove  efficient.  The  effect  on  the  coolii'g 
brick  is  anotlier  story. 

DISCUSSION. 

Mr.  liichardsoii  :  I  want  to  say  that  1  am  very  much 
indebted  to  Mr.  Farnham  for  this  valuable  paper.  I  am 
glad  that  we  are  to  have  it  on  our  i-ecords,  as  I  do  not 
know  where  there  is  another  paper  gi\ing  the  principles 
and  calculations  involved  in  drying  and  in  the  constrnc- 
tion  of  a  dryer,  and  also  actual  data  from  practical  drying 
operations;  and  we  who  are  engineers  are  especially  glad 
to  know  that  \\e  have  such  a  paper  in  our  Transactions 
foi'  i-eferei!ce.     (  H'  coui'se,  it  ^^'ollld  l»e  impossil»h'  to  discusfi 
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Mr.  Fai'iiliaiirs  calculations  here,  but  the  general  scope  of 
the  paper  and  the  method  of  handling  1  want  to  coniinend. 
AA'ith  regard  to  the  advantages  and  disadvantages  of  the 
double  dryer :  Of  course,  we  understand  that  this  dryer 
was  built  because  they  did  not  have  room  to  extend  it  on 
the  ground,  and  the  only  way  was  to  put  one  dryer  on  top 
of  the  other.  Now,  I  would  like  to  ask  Mr.  Farnham,  if 
he  had  room  on  the  ground,  would  he  consider  the  buibliug 
of  a  double-deck  dryer? 

Mr.  Farnham  :  I  rather  think  I  would,  unless  the 
kilns  were  very  much  spread  out  along  the  front  of  the 
plant.  Did  you  ever  watch  the  dryer  either  on  a  clear  day 
and  see  the  heat  rising  above  the  dryer  and  radiating  into 
the  air,  or  watch  it  on  a  rainy  day  and  see  the  great 
amount  of  water  that  is  converted  into  steam  and  rises 
from  the  dryer?  You  will  then  realize  that  the  saving  of 
that  radiation  is  an  important  matter.  Of  course,  much 
would  depend  upon  the  general  yard  lay-out  you  had,  but 
I  see  a  good  big  saving  in  radiation,  and  the  fact  that  you 
don't  have  to  carry  your  l)rick  out  a  great  distance  and 
bring  them  back  again. 


THE   REQUIREMENTS   OF  POTTERY  MATERIALS. 

BY 

Harrison  Everett  Ashley,*  Pittsl)uru,  Pa. 

BODY  MATERIALS. 

AVliite  eai-tliemvare  bodies  are  usually  composetl  of 
••tiiut"*  (silica,  as  quartz  or  as  true  fliut ) ,  ehiua  clay 
(kaolin),  ball  clay,  feldspar,  and  stain.  Occasionally 
Cornwall  stone  is  introduced.  While  tlie  addition  of  fluxes, 
such  as  whiting,  in  small  amounts  is  feasible  for  lowering- 
the  temperature  of  the  l)is(iiiT  burn,  it  is  not  known  that 
this  is  ever  done  here. 

Flint. 

True  flint  (an  amor])lious  f(u-ni  of  silica),  calcined 
an<l  Avet  ground,  is  extensively  used  in  England,  from 
which  country  our  potting  industry  was  tran.splanted. 

In  this  country,  ground  quartz  sand  ( Illinois )  or 
sandrock  (Pennsylvania!  are  commonly  u.sed,  and  incor- 
rectly bear  the  name  of  ''flint." 

The  crushed  sand-rock  is  lialde  to  be  contaminat(^l  by 
fine  iron  particles  from  the  crushing  nmchinery.  This  may 
be  readily  detecte<l  by  draAving  a  magnet  several  times 
through  the  sand.  Sand  so  dirtied  is  to  be  rejected  unre- 
seivedly,  whether  for  grinding  to  "flint*'  or  for  placing 
ware  in  saggers;  as  it  will  cause  a  high  percent^igc  of 
"'thirds"'  ware  from  un.sightly  brown  specks.  Ivon 
may  also  Ite  introduced  from  the  floors  of  dirty  cars, 
from  the  wear  of  soft  steel  shovels  used  in  rei)eated 
rehandlings  of  the  material,  from  engine  cinders,  from 
i-ustv  car  roofs,  etc.    Only  the  hardest  steel  shovels  .should 
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be  iiseil  ill  liaiKllinii  itotterv  materials,  in  or<ler  to  nsliiee 
wear  to  a  iniiiinniiii.  Only  tiiilit  close;!  cai-s  should  be  used 
in  sliipitiiiii  pottery  materials.  Tl<e  best  are  tliosi'  in  wliiidi 
the  preAioiis  loiidiug  was  jiiain.  Closed  cars  are  also  the 
easiest  to  unload,  as  a  wheelbarrow  mar  be  run  in  cb^se  to 
the  material,  tilled,  and  run  out  on  a  plank  to  the  place  of 
storage  or  use. 

In  English  i)ractice,  the  flint  is  flue  gTouiid  wet  in 
drag  mills,  l^eriodicallv  the  mill  is  stopped,  allowed  a 
short  time  to  settle,  and  then  the  suspended  groun<l  ma- 
terial run  out  into  a  settling  ark.  From  the  latter,  the 
thi(  kened  slij)  is  carried  in  tank  wagons  to  the  ])la('e  of  use. 

In  American  practice,  the  quartz  sand  is  j)ut  into  a 
four  or  five  foot  diameter  ball  mill,  lined  witli  uocMh^n  or 
flint  blocks,  and  partly  fllled  with  imitorted  flint  pebbles 
as  gTinding  material.  It  is  ground  from  four  to  eight 
hours,  depending  on  tli(^  lining  of  the  mill  and  the  recpiire- 
ments  of  the  customer.  If  gi-oiind  equal  hMigths  of  lime, 
the  product  of  the  flint  lined  mill  is  much  TJie  finer.^  Frag- 
ments of  wood  are  found  in  case  the  !)iill  is  wood  lined. 
There  is  much  dispute  as  to  the  relative  merits  of  English 
wet  ground  flint  and  American  dry  L'round  ({uartz.  The 
writer  has  found  such  samples  as  he  has  tested  to  be  nmch 
alike  in  flneiiess.  The  tendency  of  the  Amei-ican  quartz  to 
cake  on  the  Itottom  when  allowed  to  settle  is  probably  a 
peculiarity  of  the  mineral,  not  of  the  process  of  grinding. 

I'nifoi-mity  of  grinding  is  very  essential  since,  other 
things  being  (Mpial,  a  change  to  finer  ground  quartz  tends 
toward  cracking  of  the  ware  and  increased  biscuit  loss; 
wliib^  a  change  to  coarser  (|uartz  temls  toward  crazing,  re- 
duced biscnit  loss,  and  straighter  ware.  The  crazing  i^- 
eitisily  avoided  by  a  slight  reduction  of  ball  (day  or  feld- 
spar, or  by  an  additional  amount  of  (piartz  and  harder 
burning  of  the  bisque. 

The  (piartz  is  the  skcleto:'  of  a  wlsite  earthenware 
b:idy,  and  its  fnnction  is  much  the  same  as  that  of  grog  in 

'   'i-  ans.   Aid.   Cer.   Sor-..   Vol.   X,    \r->.    I^ri-llt. 
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a  sagger.  In  tlie  latter  case,  the  coarser  grog  giv(^s  the 
more  eudiiriiig  sagger.  This  is  likewise  true  of  (luartz  in 
a  body.  Six  hour  quartz  from  flint  lined  mills  leaves  less 
than  0.5  per  cent,  residue  on  a  No.  ]3xx  silk  laAvn  when 
sifted  with  the  aid  of  a  stream  of  running  water.  The 
writer  decidedly  prefers  quartz  leaving  between  2  and  3 
per  cent,  residue  on  No.  13xx  silk  lawn,  as  giving  much 
less  bisque  loss. 

To  test  the  color  of  flint  or  quartz,  it  was  ])ut  through 
a  bisque  kiln  fire  in  the  hottest  part  of  the  forebung.  After 
noting  the  degree  of  sintering,  a  little  was  sera] km  1  to  a 
])Owder,  and  put  in  a  i>ile  on  a  sheet  of  blue  paper.  Simiiai- 
piles  of  samples  kept  as  standards  \\ere  i)laced  beside  it, 
and  each  pile  moistened  with  water.  This  brings  out  the 
colors  very  strongly.  True  flint  shows  a  very  pure  white, 
^^ilile  quartz  shows  a  pale  l)uff  or  stronger  rose. 

Some  mills  let  considerable  gudgeon  grease  get  into 
their  ground  materials.  This  is  detected  in  Wet  sifting  as 
oily  pellets  that  are  retained  on  the  lawn.  The  pellets  are 
broken  up  in  blunging,  so  that  the  finely  ground  metallic 
iron  contained  in  them  is  one  of  the  factors  toward  a  body 
of  inferior  color.  With  proper  design  and  care  this  fault 
can  be  wholly  avoided. 

Spar. 

Feldspar,  as  used  by  potters  for  bodies,  is  approxi- 
mately a  pure.orthoclase  ( potash  feldspar),  but  usually 
several  per  cent,  of  soda  replaces  a  portion  of  the  potash. 
A  high  soda  feldsjjar  would  be  objected  to  on  the  ground 
that  wai'e  made  with  it  sounds  dull.  Experiments  by  A.  S. 
Watts-  show  that  such  ware  may  have  as  mnch  strength 
as  that  of  a  brighter  sound. 

Mixtures  of  soda  feldspar  and  i)otash  feldspar  have  a 
lower  melting  point  than  that  of  juirc  pi>tash  felilspar. 
Such  mixtures,  either  natural  or  artificial,  are  more  in 
favor  for  glazes  than  foi-  bodies. 


-  Trans.   Am.    Cer.    Soc.    Vol.    XI.    pp.    179-1S4.    iirrO>. 
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Day  and  Alleir  liave  found  that  cliemically  pure  or- 
thoclase  (  K^O  •  ALOo  •  0  SiOo )  has  a  much  hi<j;lier  melting 
jjoiut  tlian  tlie  commercial  article,  ^^ogt^  and  othei-8  have 
sliown  that  additions  of  quartz  to  ortlioclase  ^lecrease  the 
melting  jMiint  hut  little  until  a  minimum  is  reached  witii 
25  per  cent,  (piartz. 

Tlie  writer  is  informed  hy  Mr.  John  M.  ^lanor,  who 
has  liad  many  analyses  made  of  feldspars,  that  it  is  im- 
jjossible  to  tell  l)y  inspection  of  the  niined  rock  whicli  of 
several  feldsjjars  has  the  liigher  content  of  silica.  A  Maine 
feldspar  showing  much  free  <]uartz  analyzed  lower  for  sil- 
ica than  another  feldspar  with  apparently  no  admixed 
mineral.    Both  had  high  potash  content. 

The  feldspar  is  the  constituent  that  cements  the  hculy 
together  at  high  temperatures.  It  is  a  matter  of  great 
importance  at  what  temperature  that  action  begins  ami 
how  rapidly  it  proceeds;  for  claywares  are  most  sun-ess- 
fully  Imrned  when  the  yitritication  is  a  gradual  process, 
extending  over  a  considerable  temperature  range.  If  the 
feldspars  are  compared"'  only  in  the  bisque  kiln  at,  say, 
cone  8,  two  samples  may  a]q)eai-  ('(pially  bright;  yet  the 
same  feldspars  may  show  yei-y  considerable  ditfcrencc  at 
(•one  6  or  4.  Most  feldspars,  at  cone  8,  show  a  reddish  gray 
shade,  which  is  not  usually  considered  an  obje;ti(»!i  if  the 
fusibility  is  satisfactory.  Sevei'al  dark  burning  iiiiiieraN — 
hornblende,  tourmaline,  and  black  mica — if  nor  comitletely 
se})arated,  show  in  tlu^  tin-d  sam]»le  or  tinisluil  ware  as 
very  fine  black  s])eiks.  These  voidd  hardly  l>e  noticed  by 
the  uninitiated,  but  contribute  a  gray  cast  to  the  ware, 
('(unmei-cial  tVlds])ai'  is  ustially  less  contaminated  with 
uietallii-  ii-on  ilinn  is  (|uartz. 

The  wi-iter  believes  that  ftddspar,  of  all  ]»ottery  ma- 
terials,   is   the  one   that   it   is   most   desirable   to   obtain    a 

■'  .\m.   J.   Sci..   4th  series,   19,  127.    (1905). 

^  Edwaid   Berdel:     Spreetisaal  37,  Nos.   2-11,    a909). 

Zoellner:     Sprecbsaal  41,  471.   490,  504.  519.  ^33.    (1908). 

J.   H.   I..  Vogl:       Mill.   Pet.  Mitt.,  25,  361-427. 
•  Trans.    \m.   Cer.   Soc.    Vol.   IX,    p.   58.    (1907). 
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clieiiiica!  analysis  of.  Suppose,  for  instance,  we  have  a 
soft  (low  iiieltinii  I  potash  feldspar,  we  do  not  know 
whctlici-  its  softness  is  due  to  (1)  mechanically  admixed 
soila  f(4dspai-.  (2)  soda  feldspar  crystallized  with  the 
potash  feldspar,  and  tlnis  far  more  intimately  associated 
than  in  rlie  first  ease,  (3)  mechanically  admixes!  quartz, 
or  (4i  jMitash  feldspar  crystallizing  with  an  unusually 
high  amount  of  silica.  The  last  case  seems  improbable, 
yet  th(^  \\  riter  has  been  shown  evidence  of  its  existence. 

Su]>]>ose  that  four  feldspars,  one  from  each  of  the  ]  •re- 
ceding ftnir  gTOu])S,  show  the  same  melting  ]>oiiit,  it  is 
most  probable  tliat  their  action  in  a  body  mix  will  be  very 
different.  The  writer  would  expect  cases  1  and  2  to  give 
much  more  vigorous  fluxes  than  cases  3  and  4.  He  would 
also  expet  t  2  to  surpass  1  and  4  to  surpass  3.  A  thorough 
investigation  of  the  action  of  feldspars  under  these  differ- 
ent condirions  upon  the  rate  of  vitrification  of  bodies  is 
much  to  l>e  desired. 

The  more  finely  ground  a  feldspar  is,  the  more  nni- 
forni  will  be  its  distribution  through  the  body,  and  the 
larger  will  be  the  area  upon  which  it  first  exerts  its  ce- 
menting action.  If  in  coarse  grains,  it  will  have  to  fiow 
to  fill  the  various  pores,  and  reacli  the  grains  of  (juartz 
and  clay  that  it  is  to  cement  together;  but  if  fine  ground, 
it  will  mereh'  have  to  soften  in  position.  It  follows  then 
that  the  fine  ground  feldspar  requires  less  time  to  mature 
a  body;  that  the  body  thus  does  not  approach  so  near  to 
fusion,  its  ]>articles  are  less  disturbed,  and  the  t«M)deiicy  to 
bending  and  warping  is  much  reduced.  Flint-line<l  ball 
mills  can  readily  turn  out  a  product  havinu  less  than  0.5 
per  cent,  residue  on  a  13xx  silk  lawn. 

Four  or  five  per  cent  water,  well  mixed  in  at  the  mill, 
is  recptired  to  lay  the  dust  efficiently  in  a  car  of  hot  feld- 
spar or  quartz:  but  if  the  car  is  to  be  a  week  or  more  on 
th.e  roa<l.  tlu^  wetting  is  not  so  necessary  to  the  health  and 
citniforT  of  ilic  laborers  that  will  unload  it. 

('oriiwall   stone  is  a   weathered   granitic   vnt-k   or   |»r»i-- 
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phyry  tluU  is  inueli  used  in  place  of  feldspar,  especially 
in  England.  Its  coniposition  is  variable,  but,  roughly, 
kaolin  11,  quartz  'I'l,  feldspar  67.  These  are  merhanically 
mixed,  not  in  chemical  combination.  The  writer  has  made 
comi>aratiYe  bodies,  using-  in  one  case  CoruAvall  stone,  and 
in  the  other  case  amounts  of  kaolin,  (juartz  and  feldspar 
equivalent  to  the  stone,  and  has  failed  to  note  any  differ- 
ence in  shrinkage  or  water  absorption. 

The  kaolin,  quartz  and  feldsi)ar  are  mixed  in  Corn- 
wall stone  in  about  the  proportions  for  niaximum  fusibility 
of  mixtures  of  these  three  ingredients.  Thus  a  sample  of 
Corn\\all  stone  tired  in  a  cu])  to  cone  8  will  appear,  as 
bright  as  some  feldspars.  It  does  not  follow  that  if  equally 
fusible  it  will  be  as  good  a  flux.  The  writer  believes  that 
in  those  cases  where  the  substitution  of  Cornwall  stone 
for  feldspar  has  proved  beneficial,  the  feldspar  content  of 
body  or  glaze,  as  the  case  might  be,  Avas  too  high.  The 
substitution  of  Cornwall  stone  for  feldspar  is  equivalent 
to  cutting  out  one-third  of  the  feldspar  and  replacing  it 
by  one-ninth  kaolin  and  two-ninths  quartz.  As  the  com- 
mercial Cornwall  stone  is  more  variable  in  ccmiposition 
than  any  other  potter's  material,  it  is  suggested  to  those 
wishing  to  use  it  that  they  mix  china  clay,  quartz,  and 
feldsi)ar  in  the  proportions  given  above,  and  avoid  the  ir- 
regularities and  extra  cost  of  importing  English  "stone." 

Ball  Clay. 

Ball  clay  is  the  most  important  aiul  ordinarily  the 
least  controllable  ingredient  of  a  body.  ,  Its  function  is  to 
supply  the  colloidal  or  gluelike  matter  necessary  for  plas- 
ticity and  for  cementing  the  ware  tog(4her  in  its  raw  state. 
In  addition,  the  English  tell  clay  commonly  used  contains 
a  portion  of  feldspathic  matter  in  sufficient  amount  to 
vitrify  it  at  cone  8,  sho^^  ing  a  shining  conchoidal  fracture. 
An  Amci-icau  ball  clay,  on  the  other  hand,  will  commonly 
show  on  analysis  nearly  tlie  tlu-oretical  coiiiiK)sition  of 
(  lay  substance,  ami   will   be  very  im)1'(mis  when   burned  to 


THE   REQUIREMENTS   OF   POTTERY    MATERIALS.  439 

cone  8.  Only  n  few  Aiuencau  ball  clays  vitrify  at  cone  8. 
The  feklspatliic  matter  in  l)all  clays,  beinji  in  a  finer  state 
of  subdivision  naturally  than  that  obtained  by  grinding, 
is  in  an  especially  desirable  condition. 

The  writer^'  has  shown  that  Iilnglish  and  American 
ball  clays  do  not  differ  essentially  in  content  of  colloidal 
matt:ei'.  The  finer  graineil  of  tAvo  ball  clays  of  equal  col- 
loid content  seems  the  most  efficient  in  cementing  together 
an  unfired  body. 

The  writer  has  also  shown  that  the  colloid  matter  of 
Isall  clay  has  only  alxnit  half  the  linear  air  shrinkage  of 
that  of  china  clay  (kaolin).  This  is  an  experimental  jus- 
tification of  the  practice  of  potters  to  '\get  the  color  from 
th(-  china  clay  and  the  plasticity  from  the  ball  clay;"  for 
with  its  lesser  shrinkage  goes  reduced  losses  in  manufac- 
ture. 

Of  two  ball  clays  shoA\ing  equal  touglmess  when  the 
dry  tevst  piece  is  whittled,  that  is  the  more,  desirable  that 
requires  the  lesser  amount  of  water  to  make  a  slip  that  can 
l)e  laAvned."^  Evidently  if  400  per  cent  of  water  is  required 
the  shrinkage  will  }ye  greater  than  for  a  clay  that  takes 
only  200  per  cent.  The  writer  does  not  like  to  see  over  12 
per  cent,  linear  air  shrinkage  on  a  cast  10  cm.  disk. 

Preliminary  to  blunging  it  is  customary  to  keep  l>all 
clay  in  a  soak  pit  at  least  24  hours,  better  a  week.  Re- 
peated determinations  of  the  percentage  of  water  in  sev- 
eral soaked  ball  clays  have  failed  to  shoAV  variation  more 
than  ]  p(^'  cent,  above  or  below  80  per  cent,  of  the  total 
weight.  The  A^eighings  are  therefore  made  Avith  an  accur- 
acy of  2  per  cent. 

The  poor  color  of  ball  clay  is  tolerated  because  of  its 
plastic  and  cementing  ]>roj)erties.  C'ohn-  tests  are  desci'il)e<1 
under  China  clay. 

Ball  clay,  especially  English,  is  ajtt  to  be  intolerably 


"  Trans.  Am.   Cer.   Soc.  A^ol.  XI,   p.   544,    (1909). 

U.    S.   Geol.    Survey  Bull.   No.   388,    p.   48,    (1909) 
'  Trans.  Am.  Cer.  So-c.  Vol.  IX,  p.  54,    (1907). 
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dii'ty.  The  writer  has  refused  sliipnieiits  that  in  transit 
had  been  dumped  upon  machine  sho])  scrap,  iron  ]>yrites, 
and  ochre.  Cinders  from  docks  or  railroad  yar<ls  are  fre- 
quently thrown  in  when  cleaning  up  before  closing  the  car 
door.  The  En<ilish  cday  is  liable  to  be  transferred  (>  to  12 
times  in  transit;  while,  under  favorable  conditions,  an 
American  ball  clay  may  go  in  a  through  car  from  the  mine 
to  the  works. 

Also  the  English  clay  very  commonly  has  naturally 
occurring  iron  carrying  lignite  and  pyrites.  Some  of  the 
American  ball  clays  are  remarkably  clean,  and  the  average 
are  decidedly  cleaner  than  the  English. 

In  making  the  whittled  test,'^  only  one  side  is  cut 
smooth,  while  the  original  surface  is  carefully  preserved 
oil  the  other.  After  firing  one  can  tell  from  inspection  of 
the  two  surfaces  whether  the  six'cks  of  dirt  are  natural  or 
picked  up  in  transit.  The  glost  l»urn  makes  Uie  specks 
more  con><picuous. 

}  China  Clay  (  Kaolin  ). 

(Miina  clay  imparts  to  the  surface  of  whitcwari^  the 
characteristic  soft  mellow  texture  that  distinguishes  it 
from  the  hard  glitter  of  glass.  Apart  from  this,  the  func- 
tion of  fine  grained  china  clay  is  mainly  that  of  a  tiller, 
the  quartz  having  supplied  the  skeleton,  the  ball  clay  the 
cement  of  the  green  body,  and  the  feblspar  the  cement  of 
the  fired  bod}-.  A  coarse  grained  china  clay  (one  of  low 
surface  factor),  however,  supplies  a  portion  of  skeleton 
more  refractory  than  that  of  quartz;  and  l)odies  made  A\itli 
such  clays  are  especially  "safe"  from  warping  at  high  tires. 
The  North  Carolina  kaolins  and  a  few  English  ones  have 
this  coarseness. 

China  clay  is  treated  ninch  better  by  ti-ans]»ortation 
companies  than  ball  clay.  Its  most  serious  impurity  is  a 
naturally  occurring  red-burning  mica.  A  whiti'-buriiing 
mica  is  unol)jectionable,  unless  in  excessive  aiiionnts.     It 

«  Trans.  Am!  Cer.  Soc.  Vol.  IX,  p.  54.   (1907). 
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may  eveu  impsw't  some  of  tlie  dc'siraltle  (inalities  of  North 
Carolina  kaolin. 

Dark  bnrninu  siinds  (ktui-  in  sonic  orhei-w  isc  desirable 
fliina  clays.  Freqncntly  they  miulit  be  removed  by  proper 
washinu.  Tsnally  the  American  miner  washes  with  much 
less  skill  than  his  European  rival.  Naturally,  he  finds  the 
trade  sceprical  of  his  ability  to  supply  a  product  of  uni- 
form high  quality,  but  has  himself  mainl.^  to  blame  for 
having  failtMl  to  secure  professional  advice  in  the  design 
of  his  i>lanr.  and  trained  men  for  the  management  of  it. 
The  Avriter  is  of  the  opinion  that  a  great  advance  in  effi- 
cient and  economical  methods  of  clay  \\ashiug'  would  result 
from  a  ]>roper  experimental  study  of  its  problems. 

.V  rajiid  test  for  dirt  in  china  clay,  to  be  apidied  be- 
fore unloading  a  car,  is  to  put  100  cc.  water  in  a  glass 
cylinder,  add  about  5  grams  cla,^',  shake  vigcu'ously,  and 
hold  horizontally  one  minute.  The  heavy  dirt  grains  will 
settle  our  im  the  walls  of  the  tiil)e,  and  be  plainly  visible. 
(It  wouhl  take  10  minutes  settling  if  held  vertically,  and 
the  grain  would  not  separate  so  readily  i. 

Tl'.e  cliaracter  of  a  crude  or  washed  kaolin  is  best 
tested  by  running  the  sifted  clay  slip  through  the  Schultz 
elutriating  apparatus.''  This  the  writer  will  sJiortly  de- 
scribe quite  fully  and  critically  in  a  bulletin  of  the  U.  S. 
(Tcological  v^urvey.  With  the  three-can  form  usually  em- 
ployed, a  <()arse,  a  nu'dium,  and  a  fine  resi<lue,  and  a  very 
fine  overtiow  are  obtained.  English  clays  as  marketer) 
usually  leave  veix  little  residue  in  the  first  and  second 
cans.  One  of  the  "safest"  English  clays  leaves,  however. 
;(  noticeable  anu)unt  in  the  second  can;  while  two  clays 
that  have  given  trouble  from  (racked  ware  leave  only  about 
'Pj  per  cent,  in  the  three  cans,  letting  Ih  per  cent,  go  to  the 
OA-erflow.     A  very  "safe"  North  Carolina  clay  leaves  mica 

"  Handbuch  der  gesammten  Thonwaareninclu.stiie  von  Bruno  Kerl.    (10i»7). 
page  78. 
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Krehbiel:     Trans.  Am.   Cer.   See,  Vol.  VI,   pp.   173-1S.5.    (1904). 
Binns:     Trans.  Am.   Cer.   Soc,  Vol.   VIII.   pp.   2444-251.    (1906). 
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ill  the  first  can,  aiKl  a  large  ri^sidiie  of  iikmIiutii  clay  in  tlu; 
sccoiiil  rdu.  Any  iiictallic  iron  aii<l  most  ])yritcs  Avill  be 
retained  in  the  first  can.  A  (leoriiia  clay  that  bnrnt  to  a 
vei-y  bad  s]ieckle(l  ai)i)earance  shoAved  yellow  lirains  in  all 
three  cans.  Another  Georgia  clay,  s(dd  for  saggers  because 
badly  stained,  b^ft  all  its  dirt  in  the  first  and  second  cans, 
and  had  clean  (day  in  the  third  can  and  ovei-fiow.  In  test- 
ing a  crnde  clay  to  find  what  percentage  can  be  obtainerl 
by  a  washing  jdant  of  proper  design,  one  may  estimate 
the  firwt  and  second  can  residues  as  sand  and  the  third 
can  i-esidne  and  overflow  as  clay;  although,  as  above  stated, 
the  s(M-ond  can  i-esidtte,  if  (dean  ka(din.  is  very  desirable. 
Howevcn-,  the  trade  in  general  thiidcs  the  finer  the  (day.th^ 
better  it  is,  and  does  not  ttnderstand  the  value  of  coarse 
China  clay. 

As  suggested  tinder  ball  clay,  a  (diina  (lay  of  high 
shrinkage  is  very  undesirable,  and  b^ids  to  high  btssc^s.  The 
colloid  niattin'  necessary  for  i)lasticity  is  nnndi  l»ettei'  se- 
cured fiom  ball  (day;  and  fat  (diina  clays  should  l)e  avoid(^(l. 
The  writer  d(K^s  not  like  to  see  over  (>  per  cent,  aii-  shrink- 
age on  a  cast  10  cm.  disk. 

('(dors  may  be  compared"'  with  a  sc^rit^s  and  standards 
pi-epared  by  blending  a  very  white  (diina  (day  witli  a  dark 
buff  Tenn("ssee  ball  (day  in  convenient  ])roportions.  The 
glaze  tised  on  the  standards  and  all  tests  siKuibi  be  the 
>same,  as  different  glazes  on  the  same  (lay  give  very  differ- 
ent shades.  Using  sticli  a  color  scale,  the  writer  has  found 
the  English  ( hina  clays  used  for  whiteware  to  range  from 
To  to  100  p(T  cent,  of  white  clay  in  the  color  standards, 
though  a  given  (diina  (day  is  usually  constant  Avithin  five 
points  on  the  scale.  A  certain  Middle  Atlan.tic  States 
(dtiiia  (day  has  shown  continuously  a  variation  from  50  to 
85,  was  clean  at  tinu^s,  but  ordinarily  s])ecked.  A  certain 
southern  china  clay  has  varied  between  extremes  of  50  and 
90,  though  ordinarily  only  from  60  to  75.  and  is  always 
clean.     A  certain  North  Carolina  ka(.lin  has  kept  within 

'"Trans.   Am.   Cer.   Soc.   Vol.   IX.   p.   56.    (I!t07). 
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limits  of  78  aud  90,  but  is  not  always  e<|iially  clean.  Auv 
point  of  the  scale  may  be  matclied  among-  tlie  clays  of 
Georgia.  On  this  scale,  English  ball  clays  range  from  20 
to  0  or  darker.  As  they  differ  in  tint  from  the  china  clays, 
comparisons  are  easier  ma<le  with  a  set  of  gray  standards. 
American  ball  clays  range  from  50  (m  the  china  clay  scale 
used  by  the  writer  to  chiys  as  dark  as  any  Englisli  day. 

Body  Stain. 

The  natni-al  creamy  tint  of  claywares  is  overcome  in 
whitewares  by  the  addition  of  cobalt,  >\hich  jtroduces  a 
much  less  noticeable  bine  green  tint. 

In  the  mannfacture  of  white  papers,  the  yelb)w  tint 
i.s  neutralized  by  blue  dyes,  also  resulting  in  a  green  tint. 
The  latter  is  then  neutralized  with  a  red  dye,  giving  a  gray 
shade,  devoid  of  color.  So  far  as  is  knoA\n,  no  similar 
attempt  is  made  to  neutralize  the  green  tint  of  pottery 
wares  by  any  addition  of  red  coloring  matter;  nor  has  the 
subject  been  investigated. 

Black  oxide  of  cobalt  is  the  form  of  colialt  most  used. 
According  to  various  authorities  its  formula  may  be 
(.'o.j()4,  Co^t).,,  or  <  'o;;0.^.  It  is  lial)le  to  contain  nickel,  cop- 
per, etc.  As  these  are  difficult  to  detect  by  tint  alone,  a 
chemical  analysis  should  be  made  of  each  braml  seriously 
considered  for  use.  The  coloring  strength  of  different  lots 
of  cobalt  oxide  against  a  standard  lot  may  be  roughly  com- 
pared by  thoroughly  mixing  coljalt  oxide  with  a  standard 
feldspar  in  ]»roportions  frtun  1  to  1000  to  1  to  20000.  ICach 
mixture  is  put  by  itself  in  a  l)is(iue  cup,  pressed  down 
firndy,  covered,  tired  at  cone  8,  and  broken  from  the  cu}). 
In  this  test,  an  inferior  cobalt  will  sometimes  show  a  "sad" 
color  in  com]»ai'ison  with  the  standard.  A  fluxed  cobalt 
exposed  itself  by  glazing  the  adjacent  surface  of  the  cu.p. 
There  are  many  brands,  l»ut  the  same  l>rand  from  different 
dealers  does  not  always  prove  to  be  the  same  grade.  The 
lea<ling  dealers,  Isowever,  are  ]'e1ia1»le,  and  owe  tlieir  leader- 
ship largely  to  honorable  dealings.     To  avoid  the  m^cessity 
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of  fritting  and  ♦iriudinji.  and  the  occiiricnce  ol  liliie  speck>:, 
sohilde  col^alt  salts  are  used  to  some  extent  to  color  bodies. 
]n  some  factoi^ies,  the  cobalt  salt  is  simply  added  to  tli(,' 
bkinger,  and  the  clays  are  expected  to  absorb  or  take  ui» 
the  cobalt.  Exi)eriments  and  calcnlatitnis  by  the  writer, 
however,  show  that  in  such  cases  only  about  two-thirds  of 
the  cobalt  is  retained  by  the  clay,  and  one-third  goes  into 
the  filter  ]»ress  water.  If  the  latter  is  thrown  away,  one- 
third  of  the  cobalt  is  lost,  but  if  the  press  water  is  reused 
there  is  no  loss.  The  simple  solution  of  the  cobalt  salt  is  un- 
suited  for  cast  ware,  as  it  etHorescences  on  the  edges  in 
drying.  It  is  then  better  to  precipitate  the  cobalt  in  an 
insolul)le  form  by  the  addition  of  ammonia  or  other  alkali 
just  before  use. 

The  glaze  is  not  stained  ordinarily. 

GLAZE  MATERIALS. 

Some  glaze  materials  have  been  fully  discussed  under 
"P»o(ly  MattM'ials."  and  need  little  further  uientiou. 

Frits  ai-e  not  comuuudy  ])urclias(*d.  ami  ai-e  best 
treated  elsewhere. 

The  fineness  of  grinding  of  Quartz  and  Feldspar  are 
of  iuiportan<-e  merely  as  regards  the  amount  <>f  further 
>\(>rk  that  the  glaze  mill  will  have  to  do  to  them. 

Ball  clay  is  not  used,  as  its  color  would  darken  the 
glaze. 

China  Clay. 

China  clay  is  ]»erliaps  the  ]>rinci]>al  souim c  of  ihe  col- 
bn'd  ujatter  that  sticks  the  untire<l  glaze  powder  to  the 
biscuit  body.  The  use  of  a  more  highly  colloidal  china  clay 
f((r  a  less  colloidal  one  will  increase  the  a<lhesion;  as,  for 
exam])le,  the  substitution  of  Florida  kaolin  for  English 
(diina  <  lay.  The  wet  grinding  of  feldspar,  quartz,  and  frit 
also  ])roduces  ((Uisiderable  amounts  of  colloidal  matter. 
Too  tine  grinding,  too  mu(di  (lay,  too  fat  a  day.  or  a  coni- 
binatioii  of  these  A\ill  so  increase  the  total  colbuds  as  to 
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cause  by  their  shrinkage  cracking  of  the  glaze  as  it  drys  on 
the  ware,  or  rolling  up  in  the  kiln  at  the  beginning  of 
tiring. 

Lead  Compounds. 

old  Dutch  process  white  lead  is  commonly  preferred, 
as  it  stays  in  suspension  well  in  the  glaze  tub.  The  writer 
lias  found  the  Danish  process  precipitated  white  lead  to 
be  still  liner  and  slower  settling  in  the  case  of  the  makes 
examined,  and  that  no  trouble  resulted  from  its  use.  The 
writer  has  not  encountered  adultei'ated  white  leads. 

Red  lead  is  a  finely  diyided  article,  but  seems  more 
dense  or  crystalline  than  the  white  leads.  It  is  used  in 
sagger  glaze,  so  that  the  pink  tint  inipartefl  may  preycnf 
accidental  use  of  it  on  ware,  and  will  help  the  saggei- 
\\asher  to  distingnish  it  from  the  ''tlint**  wash. 

Lime  Compounds. 

The  leyigated  natural  carbonate,  "English  clittstoue 
]»aiis  white""  is  preferred.  This  prefei'ence  is  l)ased  on  its 
tinene.ss  and  colloid  content.  The  l)etter  it  is,  froui  this 
point  of  yiew,  the  better  it  snaps  when  a  small  dry  luuip  is 
liroken  by  the  fingers.  An  elutriation  with  the  Schultz 
apparatus  w  ill  serye  to  deteruiine  the  fineness. 

A  chemical  analysis  is  A\ell  w(u-th  wliile  when  consid- 
ering a  new  brand  or  hunting  for  the  source  of  trouble. 
For  good  color,  the  iron  should  be  low.  Kul])hates  ai-e  in- 
excusable. Only  a  small  per  cent  silica  and  alumina  should 
l»e  present.  Magnesia  should  be  under  1  per  cent,  as  it  or- 
(liuai-ily  giyes  trouble  in  an  American  factory. 

Lime  is  used  to  a  small  extent  in  glar.es.  Its  function 
is  not  well  understood,  but  is  probably  to  precipitate  both 
the  boric  acid  and  the  colloid  silica  and  silicates  from  soln- 
lion.  If  this  supposition  is  correct,  the  lime  should  not  be 
allowed  to  become  air  slaked  l>efore'  use.  The  correctness 
of  this  su]»position  is  supjtorted  Ity  the  fact  that  it  is  not 
necessary  to  use  magnesium  suljdmte.  acetic  acid,  or  otlnn' 
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(•oaii'ulaiits   wIk'Ii    lime   is  employed.      Lime   slioiiM    be   se- 
lected oil  tlie  Wasis  of  clieiincal  analysis  like  wliitiiiii. 

Zinc  Oxide. 

Zinc  oxide,  ihouuili  alone  more  refractory  tlian  lead 
oxide,  acts  as  a  tlnx  in  mncdi  the  same  manner  wlien  intrcs- 
dnced  in  small  quantities.  It  is  supposeil  to  be  a  wliiten- 
ing  agent. 

It  is  supplied  in  numerous  ui-adi^s:  White  Seal,  (li-een 
Seal,  Red  Heal,  (which  three  are  usually  imported),  Pot- 
ters' Selected,  XX,  etc.  If  put  into  a  (dosed  l)is(iue  cup, 
and  tired  in  the  .nlost  kiln,  the  tirst  two  of  those  mentioned 
show  a  faint  green;  the  Ked  Seal,  a  bright  yellow ;  the  Pot- 
ters' Selected  and  XX  a  darker  yellow.  The  pooriM-  grades 
sh(>w  brown  spots.  From  these  trials,  one's  tirst  impres- 
sion would  be  that  all  but  White  Seal  and  (ireen  Seal  aie  to 
be  condemned  for  good  ware.  However,  the  wiMtc^r  has 
failed  to  find  any  infei-iority  in  A\liitewai'e  glazes  made  with 
Potters"  Selected  and  XX  grades.  Bristol  glazes,  contain- 
ing a  high  perc(Mitage  of  zinc  oxide,  also  failed  to  show  any 
color  difference  with  these  zincs  and  Clreen  Seal.  Zinc 
oxide  is  frequently  oflered  for  sale  under  the  name  of  a 
better  brand  than  corresponds  to  its  true  grade.  Chemical 
analysis  slKtulil  assist  the  fii-ing  test  abin'e  mentioned. 

Boric  Acid. 

lioi'ic  acid  in  a  jMire  i-etine^d  ci-ystalline  condition  is 
manufactui-ed  in  this  country.  An  impure  crude  brown 
flaky  Tuscany  acid  is,  notwithstanding,  largcdy  imported 
and  used — this,  though  after  paying  a  duty  of  5  cents  p(M' 
]'ound,  costs  about  2  cents  ])er  pound  more  than  the  ]>ure 
home  article.  The  reason  foi*  this  exj)ensive  practice  is 
simjily  ignorance  and  <  aution.  The  first  is  regretabh^ ;  the 
latter  is  of  time  i)roved  v;ilue,  for  most  attempts  to  sul)sti- 
tute  "white  acid"'  for  "brown  acid"  have  led  to  crazing. 
The  Pacific  Coast    Borax  Co.   have  kindlv  made  analvses 
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of  two  saiiii)l(\s  of  l»i-o\Mi  Tuscjiiiy  boric  arid  selected  by 
tlie  writer. 

Aiial//.srs  of  llnnni  Tusi-am/  liorlc  Aci<l. 

BY 

K.  jACor.i,  Bavoiiiie,  N.  J. 

Date  Sept.  15,  1905  Nov.  28,  1905 

Boric   Acid    80 .  76  82 .  46 

Silica     .71  .87 

Alujiiina    and    Ferric    Oxide..  .33  .28 

Lim-     .85  1.40 

Sulpluiric    Anhydride    9.32  8.46 

Alkalies 2.59  2.08 

Ammonium     Oxide     4.23  3.75 

98.79  99.30 

Magnesia     trace  trace 

Organic     A    small   amount        A   small   amount 

Tin  Oxide. 

Till  oxi<le  is  occasionally  put  into  a  iilaze.  It  does 
not  dissolve,  but  stays  in  suspension,  imparting!,  a  white 
opacity  to  the  glaze.  Its  object  is  then  to  hide  a  ])oor  body. 
As  it  is  an  expensive  material,  it  should  l)e  analyzed,  both 
to  make  sure  of  getting  what  is  ])aid  for,  and  to  avoid 
undesirable  impurities. 

The  ammonium  oxide  and  lime  are  present  mainly 
as  sulphates  of  harmful  nature;  the  alumina  and  silica  as 
clay;  and  the  alkalies  combined  with  a  ]>art  of  the  boric 
acid  as  borax. 

Tlie  writer  has  calculated  the  proportions  of  unobjec- 
tionable material  that  should  be  substituted  to  give  the 
same  fluxing  effe  4  as  this  acid,  but  without  the  harmful 
sulp'at(^s : 

Date  Sept.  15.  1905 

White  Boric  Acid 70.76 

Borax    15.44 

Clay     49 

Feldspar    7S 

Whiiing     1.52 

88.94 
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It  is  st'cii  tliat  SS.!)4  pounds  good  inaterial  is  equiva- 
lent to  100  pounds  blown  acid.  Roughly  expressed,  brown 
acid  (-(nisists  of  10  per  cent  pure  boric  acid,  15  per  cent 
borax,  and  15  per  cent  of  volatile  matter  and  objectionable 
sulphates. 

Tlie  writer  tried  the  effect  of  making  sucli  a  substitu- 
tion in  the  glaze  of  the  company  by  which  he  was  em- 
pbned.  The  frit  was  prej)ared  in  saggers  according  to  tli<e 
East  Liverpool  custom,  but  lay  quiet  and  smooth.  The 
same  frit  prepared  with  brown  acid  swells  up  to  several 
times  its  true  volume,  even  I'unning  over  the  tops  of  the 
sagg(ns  Avith  especially  l)ad  lots  of  brown  acid.  AVare 
dipped  in  the  white  acid  glaze  was  in  no  wise  inferior  to 
the  brown  acid  glazed  ware.  The  white  acid  glaze  with- 
stood the  crazing  test^^  perfectly,  and  Avas  not  dulled  by  it 
as  tlie  brown  acid  glaze  is.  Ovcrgla/e  (h'Corati<ins.  esi>ec- 
ially  the  greens,  Avere  mucli  improved  in  apjtearance  on 
this  white  acid  glaze. 

Materials  of  constant  and  pure  composition  can  thus 
be  successfully  substituted  for  the  ever  A'arying  imjnirc 
brown  acid.  The  purer  materials  cost  about  25  ])er  cent 
less  than  the  iiri])ure  whicli  tliey  substitute,  an<l  ]»ro{luce 
mucli  better  ware. 

Borax. 

Borax  is  tlie  liest  means  of  introducing  sodium  oxide 
into  the  ordinary  white  ware  glaze.  It  contains  boric  acid 
also,  as  shown  by  the  formula  Xa.O  •  2  BoO.  •  10  ]UO.  The 
commercial  article  is  ordinarily  satisfactory.  It  shoubl 
not  be  stored  in  so  h(d  a  place  as  to  alter  in  com[)ositioii 
l»y  b)ss  of  part  of  its  crystal  water^ 

Sagger  Materials. 

Badger  clays  are  exhaustively  treated  in  a  se])arate 
])aper  in  this  volume. 

In  beating  out  the  bats  for  sauaers  it  is  necessarv,  to 
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prevent  sticking  to  the  table  or  bloek,  to  strew  tlie  same 
with  sawdust  or  sand.  A  round  grained  sand  should  not 
be  used,  as  it  is  lialile  to  drop  off  onto  glazed  ware  in  the 
kiln.  The  use  of  shari»  sand  is  del)atable.  When  a  saggei' 
made  with  coarse  sawdust  is  first  burned,  the  contents  of 
the  sagger  below  are  strewn  with  the  ash  of  the  sawdust, 
which  in  some  cases  adheres.  A  cupful  of  any  lot  of  saw- 
dust should  be  burnt  in  the  kiln  before  using  to  see  wheth- 
er its  ash  will  make  trouble.  Only  tine  grained  clean  saw- 
dust should  be  used. 

Sagger  wads  have  less  and  finer  grog  than  saggers, 
and  require  very  tenacious  clays.  The  finest  dust  should 
be  sifted  from  the  grog  used,  and  coarse  quartz  and  pyrite 
should  be  rigidly  excluded. 

Placing'  Sand. 

The  round  grained  (|uartz  sand  of  Illinois  is  best 
suited  for  placing  ware.  It  acts  like  roller  bearings,  per- 
mitting an  unrestricted  shrinkage  of  the  ware.  The  rolling 
fraction  will  be  least,  with  the  grains  of  all  nearly  the 
same  size.  The  sand  has  most  tendency  to  pack  when  0.5 
to  0.2  of  the  total  is  quite  fine.  It  is  recommended  that 
everything  retained  on  a  40  mesh  sieve  or  passing  100 
mesh  be  sifted  out.  The  fine  stuff  so  rejected  might  l>e 
used  mixed  with  ground  ''flinf  for  lining  frit  saggers. 
Sand  coarser  than  40  mesh  will  make  marks  on  ware,  and 
may  make  so  irregular  a  bearing  as  to  cause  cracks  in 
the  ware. 

The  fine  sand  requires  great  rare  in  brushing  otf  tlte 
bisque  ware  before  dipping.  A  slight  oversight  in  this 
respect  will  cause  many  pieces  of  glazed  ware  to  show- 
raised  white  specks  in  the  glaze.  If  everything  passing  100 
mesh  (or  better  80  mesh)  is  screened  out,  the  labor  of 
brushing  will  be  gi*eatly  reduced,  and  the  quality  of  the 
ware  improved. 

A  sample  of  each  lot  of  san<l  sliould  be  put  into  a 
covered  unfired  cu]).  and  tii-cfl  In  rlic  bis<|n('  kiln.  It  should 
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not  adhere  11nnl\  to  the  tired  eu]»,  nor  iliscolor  it.  ('ai-  cin- 
ders cause  unsightly  specks.  Crushed  sands,  as  from  the 
I'eunsvlvania  and  West  \^ir<iinia  sand  rock,  are  lial)h'  to 
be  tilled  badly  with  si>e(  ks  of  iron  worn  from  the  crushing 
machinery,  and  should  Ix-  tested  with  a  magnet  liefore  un- 
loading. 

PINS  AND   STILTS. 

Pins  and  stilts  are  made  from  tough  clays  that  do 
iu>t  yield  at  kiln  temperatures.  They  should  have  sharp 
points  that  break  easier  than  the  glaze  to  which  they  ad- 
here. They  are  supplied  with  very  few  broken  ])ieces,  and 
should  be  without  fins,  an<l  free  from  dirt. 

BITSTONE. 

Bitstone  is  a  coarse  shari)  grained  crushed  quartz.  It 
is  filled  into  biscjue  saggers  and  calcined  in  the  kilns  once 
before  use,  in  order  to  prevent  it  from  flying  about  explo- 
sively in  a  giost  sagger,  and  thus  specking  the  glaze.  It  is 
essential  that  it  be  of  \Tniforni  size,  say  through  6  mesh  and 
on  8  mesh,  in  order  that  it  may  carry  ware  level  and  se- 
curely. It  should  be  sharp  so  that  the  jxtint  fused  into  the 
glaze  on  the  1)ottom  of  the  ]»iece  of  ware  may  be  as  incon- 
spicuous as  possible. 

COLORS. 

The  colors  used  are  re(|uired  in  such  small  amounts 
that  it  is  usually  best  to  l»uy  from  reliable  dealers.  wSo 
much  depends  on  physical  properties  that  <hemicai  analy-. 
ses  are  ordinarily  of  little  use,  and  comparative  tests  must 
be  made.  The  decalcomanie  decorations  aie  to  be  tested 
similarly.  Decalcomanie  size  also  must  l>e  tested  uniler 
the  conditions  of  use.  It  sjiould  not  prevent  the  colors  or 
gold  from  attaching  tirndy  to  the  glaze.  The  size  or 
colors  should  not  contain  any  constituent,  like  wood  ;ilco- 
hol,  injui-ious  to  the  health  of  the  deroratoi-s. 
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PLASTER  PARIS. 

Plaster  pai'is  was  fully  (liscnsse<l  two  years  ago  iu 
the  Transactions. ^- 

ACKNOWLEDOEMEXT. 

1  am  iinu-li  indebted  to  my  friends  and  fellow  workers 
whose  advice,  suggestions,  and  queries  have  done  much  to 
direct  my  ideas  on  these  subjects.  In  particular,  I  would 
mention  Messrs.  Ernest  Mayer,  Joshua  Poole,  (\  H.  Walk- 
er, Charles  I.  Aaron,  John  Herbert,  James  Miles,  Edward 
Orton,  Jr.,  and  A.  Y.  Bleininger. 

DISCUSSION. 

^Jr.  l>^iinco(':  I  would  like  to  ask  Mr.  Ashley  what 
effect  on  the  time  of  grinding  of  the  tlint  and  spar  does 
the  presence  of  clay  have? 

Mr.  Aslih'!/:  I  have  no  experience  with  that,  but  1 
think  the  nearer  we  can  keep  to  wholly  crystaline  mater- 
ials the  more  rapid  the  grinding  will  be,  and  that  the  clay 
will  have  a  retarding  influence.  But  I  have  hail  no  exper- 
ience on  that. 

Mr.  Funh):  Concerning  the  discussion  which  Mr. 
Ashley  gives  about  distinguishing  by  chemical  analyses  the 
mechanical  mixture  of  soda  and  potash  feldspar  fr-om  the 
isomorphous  mixtures  of  the  two,  I  would  like  to  ask  him 
how  it  is  done. 

Mr.  AsJiIrij:  T  did  not  intend  such  a  connection.  I 
emphasized  the  value  of  chemical  analysis  and  then  went 
on  to  mention  the  causes  Avhich  produce  e<pially  low  melt- 
ing points.  Chemical  analysis  would  distinguish  those 
cases  mentioned. 

Mr.  Coiraii  :  A  few  years  ago  I  was  doing  some  ex- 
perimental work  on  liotel  chimi,  and  during  the  work  T 
mixed  up  from  the  fornsula  l)odies  in  three  different  ways, 
f.u  the  lirst  one  I  blunii<'d.  as  is  usually  done  in  tlie  oi'dinarv 
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])(>ttei-\'.  Ill  rlic  s(M(tii(l  I  look  all  the  lii-ouiid  materials, 
and  i'ej4i'(uiii(l  them  in  a  hall  mill  for  two  lumrs  and  hlun.iii'd 
with  remainder  of  hody.  In  the  third  case  I  took  the  whole 
body  and  ground  it  in  a  ball  mill  the  same  length  of  time, 
and  under  the  same  conditions,  endcax'orinii,-  to  kee]*  the 
same  viscosity  in  both. 

In  using  these  two  bodies  in  making  up  the  ti'ials 
they  were  both  fired  in  the  same  sagger.  On  taking  the 
trials  out,  there  was  a  great  deal  of  difference  in  them. 
The  first  trial,  that  in  which  all  the  materials  were 
l)lunged  in  the  ordinary  way,  gave  the  usual  type  of  hotel 
china.  In  the  second,  it  seeme<I  to  have  received  almost  a 
cone  higher  fire,  showing  the  influence  of  the  fine  grinding. 
That  \\as  the  body  in  which  the  ground  material  had  been 
]rg]-ound.  In  the  third  body  that  had  l)een  all  ground  to- 
gether there  was  almost  a  cone  of  difference  in  the  trans- 
lucency  and  in  the  color,  etc.;  showing  that  it  is  not  so 
much  the  grinding  of  the  materials  that  had  the  influence, 
but  the  intimate  mixture  that  they  received  in  the  ball 
mill. 

Mr.  /•Jnicsf  Mai/rr:  I  would  like  to  ask  ^Ir.  Ashley 
if  in  that  (^xi)eriment  with  the  coarse  ground  flint,  there 
was  any  difference  made  in  the  temperature  in  which  it 
A\'as  fired  afterwards?  lie  spoke  of  the  coarse  ground  flint 
causing  less  loss  and  cracking  less. 

Mr.  Ashhji:  No,  sir,  it  was  in  the  regular  operation 
of  the  ])ottery,  where  I  examined  every  car  that  came  in. 
Some  came  in  finei'  and  some  came  in  coarser.  The  biscuit 
loss  of  ware  was  also  kept  track  of  weekly.  I  kept  records 
of  the  degree  of  coarseness  of  the  quartz  used,  and  of  the 
biscuit  loss,  and  found  a  sort  of  parallelism  between  the 
two.  That  is,  the  coarser  the  flint  the  less  the  loss  was, 
the  finer  the  flint  the  bigger  the  loss.  At  the  time  when 
they  changed  from  wcKHlen  liiied  mills  to  flint  lined  mills 
at  East  Liveiiiool,  they  got  a  much  finer  ground  pro-rluct, 
and  every  pottery  in  town  had  ti'ouble  with  cracked  ware 
for  some  months,  and  then  they  gradually  got  adjusted  to 
the  finer  flint. 
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Mr.  Biiiiis:  That  is  parallel  ro  the  Eiii^lish  exper- 
ience when  hall  mills  were  tirst  introdneed.  It  was  at  one 
time  thiuig'lit  that  they  conld  not  use  the  ball  mill,  beeaiise 
on  replaeino  the  drag-  mill  bv  the  ball  mill,  it  was  found 
that  cracked  ware  developed.  The  difficulty  was  solved,  as 
suggeste<l.  by  a  coarser  griudiuii.  In  other  Avords,  the 
grinding  of  the  ball  mill  was  so  much  more  perfect  than 
the  grinding  of  the  drag  mill. 

Mr.  Piinh/:  Mr.  Ashley  sp<»ke  about  the  coarsely 
ground  feldspar  causing  either  more  or  less  rapid  vitrifi- 
cation ;  1  did  not  catch  which. 

Mr.  AsliJci/:     Less  rapid. 

Mr.  Fiirdy:  And  then  he  immc^liately  said  the  pot- 
ters should  grind  their  feldspar  liner.  I  do  not  recall  that 
lie  gave  any  reason  for  this.  I  infer,  hoAvever,  that  he  be- 
lieves they  want  rapid  vitrification. 

Mr.  Ashley:  I  stated  that  with  the  finer  grinding  it 
would  be  more  uniformly  distributed  throughout  the  body, 
and  you  consequently  would  have  to  do  less  flowing  in 
cementing  the  material  together,  and  so  would  have  less 
tendency  to  produce  distortion  of  the  ware. 

Mr.  Piird}/:  That  is  the  point  I  was  leading  up  to. 
Have  we  much  distortion  of  the  ware  due  to  orthoclase 
feldspar?  Does  the  fact  that  a  piece  of  feldspar  that  is 
100  per  cent  pure  can  be  completely  fused  when  lain  across 
the  top  of  a  crucible  without  showing  the  least  sign  of 
•leformation  or  deflection  from  a  straight  line,  indicate 
that  much  A\arpage  or  deformation  in  the  ware  is  due  to 
feldspar?  I  contend  that  distortion  of  ware  is  due  to 
viscosity  of  the  molten  or  fused  portion  of  the  mixture 
of  clay,  flint  and  feldspar  being  less  than  that  of  feldspar 
alone.  I  agree  with  Mr.  Ashley  in  the  statement  that  finer 
grinding  of  the  feldspar  will  result  in  more  rapid  vitrifica- 
rion.  I  know,  however,  that  there  would  be  greater  likeli- 
liuod  of  distorted  ware.  I  do  not  l>elieve  that  coarse  grind- 
ing of  this  feldspar  will  cause  distorted  ware.  It  would 
make  less  smooth  surface  and  rouuher  looking  bodv. 
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Mr.  Ashhi/:  The  Aiiu'i-icaii  }>»nT('r  lias  never  used 
such  material.  If  a  sample  of  it  were  presented  to  him  he 
would  say  it  was  too  hard  and  east  it  aside. 

J/r.  J*iir(]i/:  That  is  dodging  the  is^ne.  Most  of  our 
feldspars  are  nearly  pure  orthoclase,  that  is,  if  Mr.  Ash- 
ley's statement  is  eorreet.  Our  potash  tcddspars  are  diluted 
to  some  extent  by  soda  and  also  by  the  lime-soda  feldspar. 
Jt  happens  that  the  soda  feldspar  is  much  more  li<|uid 
when  fused  than  is  the  ])otash  feldspar.  It  is  only  in  rare 
cases,  however,  that  we  have  the  soda  feldspar.  The  soda 
feldspar  that  we  (b»  have  is  not  anywhere  near  pure.  It  is 
largely  a<lmixed  with  potash  feldspar.  Taking  Mr.  Ash- 
ley's own  testimony  for  the  feldspars  generally  used,  being 
potash  feldspars,  are  we  not  to  say  that  he  is  contradicting 
himself? 

-l/r.  A><]ihi/:  To  give  a  numerical  expression  to  what 
I  said,  1  would  say  that  the  potash  feldspar  to  which  I 
referred  would  have  perhaps  15  per  cent  of  po+asli  and  3 
pel-  cent  of  soda,  possibly  only  Uvo  per  cent  of  soda,  pos- 
sibly five  ])er  cent  of  so(bi. 

Mr.  Piirdi/:  There  is  one  other  jxMnt  with  Professor 
Binns.  A  little  earlier  he  described  the  value  of  a  rational 
analysis  of  a  clay  in  <leriding  A\hat  (day  is  to  be  used  for  a 
given  purpose.  Now  wv  have  testinnmy  that  commercial 
china  (days  that  apparently  are  pure,  or  at  least  have  been 
su])posed  to  b('  ]>ure  (day,  have,  in  extri^uie  cascss,  oO  per 
cent  of  mica,     ^^'onld  his  rational  analysis  sho\>-  that? 

.)//•.  liiinis:  I  do  not  thiidc  I  can  answer  that  (jues- 
tion  Offhand,  exce])t  in  a  guarilel  way.  it  has  licen  sh(»Vin 
by  (lermaii  im cstigatoi's,  and  if  1  remember  rightly  Mr. 
Stull  in  an  earlier  ])ai)er  discussed  the  iiuestion,  that  mica 
beha\'es  in  a  vei-y  similar  manner  lo  f(dds]»ar.  And  if  that 
be  so,  we  are  not  vei-y  far  out  in  cabtdating  the  alkalies  as 
the  bases  of  felds])ar,  e\('n  tliough  a  ]»art  may  b(dong  to 
mica. 

l/y.  /'iirtlif.  Mr.  President,  I  wish  to  introduce  a 
topic   f"(ii-  discussion   more  than   to  discuss  it   mys(df,  and 


THE   REQriRE:MEXTS   OF   POTTERY    .MATERIALS.  455 

that  is  coiicei-i-inu  the  diffcreiir  boi-ic  ari;ls.  In  Zanesville 
a  change  was  inatlc  from  Tnscany  aci<]  to  tlie  (jrvstalized 
acid,  and  they  had  trouble,  not  from  crazini>\  btit  from 
various  sorts  of  imperfections,  l>listei-inn.  scnmminii-  or 
curdling-,  and  in  some  cases  thev  bad  the  positive  appear- 
ance of  dirt.  Now  I  liave  been  informed  that  in  the  white- 
ware  they  have  found  that  their  wai  e  woubl  be  covered 
A\itli  pieces  that  resembled  very  much  specks  of  grog  or 
clay.  These  specks  are  .scattered  over  the  upper  surface  of 
the  t^at  A\are.  The  only  source  of  the  trouble  so  far  as 
they  have  been  able  to  determine  is  in  the  boric  acid.  What 
I  want  to  introdme  here  is  a  discussion  of  these  defects 
brouglit  about  tlmmgh  the  boric  acid. 

J//-,  liiinis:  I  would  like  to  ask  in  that  connection 
whether  Pr.dVssor  Purdy  had  any  tests  put  through  as  to 
the  complete  solubility  of  the  acid?  If,  as  he  suggests, 
there  were  any  impurities  in  the  acid,  woubl  not  they 
readily  have  been  detected  by  a  solution  in  water? 

Mr.  Pun] I/:  I  have  not  any  positive  recollection  of 
any  such  tasts  being  made.  So  far  as  shoAving  the  presence 
of  coarse  ingredients  or  foreign  substances,  there  was  no 
object.  If  such  insoluble  material  was  present  it  would 
certainly  have  l)een  observed  when  the  acid  was  dissolved 
prior  to  making  the  sulphur  determination.  There  was 
none  observed.  Xone  was  looked  for,  for  that  matter,  but 
so  far  as  I  recall  everything  went  into  solution. 

Mr.  CampJuU :  I  would  like  to  ask  what  is  the  differ- 
ence in  manufacture  between  tlie  AVhile  ScmI.  the  Red  Seal, 
and  tlie  Green  Seal? 

Mr.  AsJilci/:  I  am  not  Avell  enougli  accpiainted  with 
the  process  to  know  what  it  is. 

Mr.  Biiiiis:  Is  it  not  simply  a  matter  of  time  taken  to 
sublime  the  zinc? 

}fr.  .s7o/T/-:  Do  I  understand  that  your  (h^partment 
is  working  with  a  vicAv  to  ]»utting  into  the  transacti<uis  in 
another  paper  the  various  standards  of  ]>urity?  You  say 
tliat  in  buying  materials  vou  onixlit  to  know  what  yon  hux. 
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J)(>  I   Hii(l(M-st;ni(l  that  yonr  (It^pai'tiiiciit  is  w  <»i-kiii,i:  aloiiu 
the  line  of  these  staiKlards? 

Mr.  .I.s7//r(/:  Our  <l(^]>ai-tineiit  has  not  been  able  t<t 
expand  itself  to  any  such  extent.  AVe  are  contining  our- 
selves to  a  few  ]>rin(i]»al  subjects  and  puttinin  all  ttur  ener- 
jiies  upon  them;  but  this  paper  is  merely  m,v  <»\vn  pottery 
experience.  It  dates  bark  to  the  time  before  1  was  con- 
nected with  the  ^^urvey. 

Mr.  Sforcr:  I  think  that  should  be  talke(l  dver  with 
our  senators  and  conjiressmen.  If  we  tell  them  that  onr 
industry  today  depends  on  receiving-  materials  «)if  wliicli 
we  have  no  standards  of  comparison,  I  thiid^^  ^''^'J  would 
see  the  necessity  of  making  this  de]>artment  of  investiga- 
tion permanent. 

Mr.  Pun]}/:  We  have  l)een  told  this  afternoon  that 
by  a  finer  grinding  of  material  whether  it  be  flint.  feldsi)ar. 
clay,  whiting,  or  what  not,  ccdloids  are  produced  and  in- 
creased in  quantity.  I  would  like  to  know  what  rtdloids 
we  get  by  grinding. 

}fr.  Aslilrii:  1  ho}>e  to  enlighten  Mr.  Purdy  furtliei- 
on  that  subject  with  my  paper  tomorrow. 

^fr.  Erucai  Mai/rr:  I  was  very  mticli  interested  in 
Mr.  Ashley's  statement  as  to  oxide  of  zinc  used  in  glaz<'. 
I  Avould  like  to  ask  Mr.  Ashley  if  his  experiment  was  made 
with  the  same  glaze  by  altei-ing  nothing  in  the  formula 
except  the  oxide  of  zinc  and  then  to  see  the  effect  on  the 
color  of  the  glaze. 

I  have  had  very  little  experience  with  the  use  of 
oxide  of  zinc  in  glaze  except  a  few  ex])erimental  trials,  and 
in  tho.se  ti'ials  I  simply  used  a  certain  glaze  and  added  var- 
ious percentages,  from  ff  to  5%  and  possibly  more,  bur 
I  never  found  a  particle  of  difference  in  the  ai>]>earance  i>f 
the  glaze  as  to  its  color. 

I  have  many  times  asked  potters  why  oxide  of  zinc 
was  use<l  in  a  glaze  and  I  never  got  a  really  good  answer. 
I  was  prompted  to  ask  this  (|uestion  because  zinc  is  used 
practically    by   all    potters    in    the   T'nited    J^tatcs   niakiiiLi 
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white  ware,  and  while  I  have  seen  hundreds  of  forniulas 
for  glazes  of  English,  German  and  French  origin,  I  do  not 
recall  ever  having  seen  oxide  of  zinc  in  them. 

My  objection  to  the  use  of  oxide  of  zinc  in  a  glaze  is 
its  effect  on  underglaze  colors,  which  is  detrimental,  in  my 
opinion,  particularly  in  reference  to  green  changing  many 
of  the  colors  in  a  brown,  though  its  effect  on  blue  was 
beneficial. 

Mr.  Ashleij :  I  have  taken  our  glaze,  filled  a  cupful 
and  fired  it,  which  gave  a  fairly  clear  glass.  I  have  taken 
98  per  cent  of  the  same  glaze  and  two  per  cent  of  zinc  oxidt.^ 
and  fired  them  together  and  the  glass  became  rather  turbid 
or  milky  in  appearance,  so  that  with  the  larger  amount  of 
zinc  it  was  beginnig  to  be  somewhat  opaque,  but  the 
amount  we  used  regularly  in  the  glaze  had  apparently  only 
n  fluxing  effect. 

}[r.  Ernest  AJai/er:  T  asked  the  question  because  in  the 
experiments  I  made  I  could  not  see  any  difference  whether 
the  zinc  ^^■as  in  or  was  not  in,  as  far  as  the  glaze  was  con- 
cerned, but  its  presence  had  a  marked  effect  on  underglaze 
colors. 

Mr.  Binns:  I  incline  to  the  belief  that  when  tlio 
American  potters  began  to  use  zinc  oxide  it  was  for  the 
same  reason  that  tin  is  used  today,  that  is,  to  conceal  a 
dirty  ware,  the  idea  being  that  zinc  is  analogous  to  tin, 
and  the  zinc  would  act  in  a  similar  way  as  tin  oxide  with- 
out being  quite  so  expensive.  In  reality  the  small  amount 
of  zinc  that  is  employed  does  not  make  the  glaze  milky  or 
opaque,  at  the  same  time  if  zinc  be  substituted  for  lead, 
equivalent  for  equivalent,  it  does  make  the  glaze  whiter, 
not  necessarily  on  account  of  any  whitening  influence,  but 
because  it  removes  the  yellowing  influence  of  lead.  A 
glaze  containing  only  lead  oxide  and  lime  will  be  dis- 
tinctly yellow.  If  you  substitute  15-100  equivalent  of  that 
lead  by  zinc  you  will  whiten  the  glaze  quite  materially, 
because  you  will  remove  part  of  the  yellowing  influence 
that  the  lead  oxide  has. 
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Mr.  ^taley :  About  zinc  whitening  glass,  I  would  like 
to  say  that  I  liave  used  it  in  frits  up  to  six  per  cent  and 
have  fouud  no  milkiuess  due  to  the  oxide  of  zinc.  In  fact, 
I  haA'e  used  it  as  high  as  ten  per  cent  in  experimental 
batches,  and  found  no  milkiness. 

The  amount  of  zinc  oxide  necessary  to  produce  opacity 
depends  upon  the  composition  of  the  glaze,  in  general  be- 
coming less  as  the  AUOg  and  alkaline  earth  bases  are 
increased. 

In  regard  to  Mr.  Mayer's  statement  that  zinc  would 
be  more  expensive  than  lead,  I  believe  "potter's  selected" 
zinc  oxide  could  be  bought  at  the  time  I  used  it  for  six 
cents,  and  red  lead  costs  seven  and  a  quarter.  When  used 
in  small  amounts,  that  is,  not  over  three  per  cent,  zinc  is 
as  active  a  flux  as  the  red  lead  pound  for  pound.  When 
you  load  up  your  glaze  with  zinc  so  that  the  zinc  refuses  to 
go  into  solution,  it  acts  as  a  refractory,  raising  the  fusing 
point,  and  makes  it  white.  We  have  that  effect  in  bristol 
glazes. 

One  thing  I  would  like  to  ask  Mr.  Ashley  is  where  he 
buj^s  feldspar  with  15  per  cent  of  potash  and  three  per 
cent  of  soda? 

Mr.  Ashley :  I  cannot  remember  the  exact  composi- 
tion of  the  feldspar  at  the  present  time,  but  that  was  my 
impression,  but  I  may  have  been  decidedly  off  as  to  the 
percentage. 

Mr.  Wf clans:  Pure  orthoclase  feldspar  figures  16^4 
per  cent  potash. 

Mr.  ^ialey :  As  to  the  manufacture  of  zinc  in  the  dif- 
ferent grades,  I  have  forgotten  just  how  they  are  graded 
myself,  but  the  difference  between  the  commercial  oxides 
of  zinc  is  just  one  of  fineness.  They  volatilize  it  in  a  flame 
and  the  part  that  goes  to  the  farthest  collecting  chamber 
is  the  fiiKsst  and  brings  the  best  price.  Tlie  part  that  di-ops 
close  to  the  furnace  is  the  coarsest  and  brings  the  lowest 
price.  The  color  increases  with  the  coarseness.  I  do  not 
know  why  it  does.     I  have  used  all  tlie  grades  of  oxide  of 


THE   REQUIREMENTS   OF   POTTERY    MATERIALS.  459 

zinc,  from  the  ordinary  grades  up  to  the  finest  grade  im- 
ported, and  can  see  no  difference  in  the  colors  produced 
from  the  different  grades. 

Another  point, — Mr.  Ashley  says  oxide  of  tin  should 
be  analyzed.  There  are  several  reputable  manufacturers  of 
oxide  of  tin  in  this  country.  Nearly  every  plant  that  uses 
oxide  of  tin  in  large  quantities  has  had  analyses  made  at 
different  times  and  paid  a  good  deal  of  money  for  it,  and 
to  the  best  of  my  knowledge  there  has  never  been  any  im- 
purity found  in  the  oxide  of  tin.  They  have  spent  their 
money  for  nothing. 

Mr.  Furiiitoii :  I  would  like  to  ask  Mr.  Purdy  with 
reference  to  the  trouble  at  Zanesville  with  the  acid.  I  wish 
he  would  descrilte  the  appearance  of  the  trouble  in  Zanes- 
ville ware  from  using  the  brown  acid. 

Mr.  Purdy:  It  was  not  the  same  trouble  that  has 
l)een  reported  from  East  Liverpool  districts.  In  Zanes- 
ville they  were  using  colored  glazes  and  the  underglaze 
color.  In  these  glazes,  they  had  scumming  with  wliat  Mr. 
Ashley  tells  us  is  the  purest  and  hence  the  best  to  use,  but 
Jiad  no  scumming  when  using  the  brown  acid.  It  looked 
as  tliough  there  was  lots  of  sulphur  present,  tliough  sul- 
phur could  not  be  deteced  in  the  pure  manufactured  bor- 
acic  acid. 

Mr.  PuriiiioH  :  Tlie  reason  I  asked  is  that  tlu-  Liver- 
pool potteries  have  l)een  having  a  great  deal  of  trouble 
during  the  last  six  months  with  their  glaze  ware.  It  has 
the  appearance  of  sand  on  the  flat  surfaces  of  the  ware, 
and  yet  with  all  the  care  and  precautions  it  is  not  sand 
so  far  as  we  can  ascertain  and  it  is  not  kiln  dirt.  It  ap- 
pears to  be  a  kind  of  a  babble  that  swells  up  and  breaks 
and  remains,  not  all  over  the  finished  ware,  but  only  on 
the  fiat  portion,  not  on  the  bottom  part  hanging  downward 
in  the  kiln,  not  on  the  sloping  portion  of  the  ware,  but  on 
the  flat  portions  facing  up.  Those  having  that  trouble 
have  been  using  Pacific  boric  acid.  I  have  learned  that 
one  or  two  plants  have  returned  to  brown  acid  and  elimi- 
nated the  trouble. 
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Mr.  Pindy.  That  was  tlie  Zanesville  experience,  vet 
we  are  told  totlay  that  the  brown  acid  coutaius  from  15  to 
20  per  cent  of  impurities.    What  is  the  impurity? 

Mr.  LangeiihecJx:  I  found  a  large  percentage  of  sul- 
phate of  ammonia  in  a  brown  Tuscan  acid  used  in  fritted 
glazes  that  scummed  and  crystallized  on  the  edges  of  tile. 
Suspecting  the  sulphates  introduced  into  tlie  fritt  b^'  the 
acid,  pure  white  acid  was  used,  when  the  trouble  disap- 
peared. 

Mr.  M'eehiHs:  In  corroboration  of  Mr.  Ashley's  state- 
ment with  reference  to  the  impurities  of  tin  and  the  neces- 
sity of  analyzing  same,  I  might  relate  an  experience  a 
neighbor  of  ours  had  in  connection  with  the  use  of  tin  in 
his  glaze.  His  experience  was  that  at  various  times  he  no- 
ticed these  impurities  in  the  tin  which  resulted  in  the 
ware  being  more  or  less  spotted.  After  thorough  experi- 
mentation with  the  various  materials  he  discovered  con- 
clusively that  these  small  yellow  or  red  spots  which  oc- 
curred on  the  surface  of  the  ware  were  due  entirely  to  fine 
particles  of  iron  in  the  tin.  He  took  the  matter  up  with 
the  parties  furnishing  same,  with  the  result  that  later  they 
agreed  to  give  a  written  guarantee  for  all  future  ship- 
ments of  tin.  No  trouble  was  experienced  for  some  length 
of  time,  but  finally  they  had  much  trouble  and  loss.  The 
matter  was  taken  up  with  the  parties  furnishing  the  ma- 
terial, and  after  going  into  it  carefully  and  proving  con- 
clusively the  cause  of  the  fault,  they  paid  the  amount  of 
loss  which  was  figured  at  |500.00.  I  might  add  that  I  have 
also  experienced  at  various  times  like  conditions,  only  less 
severe. 

Mr.  »S7*«*r:  I  wish  to  say  that  my  experience  not 
more  than  two  weeks  ago  was  exactly  similar  to  that  just 
mentioned.  We  have  been  using  tin  for  a  good  while  from 
a  well-known  firm  in  this  country,  and  about  two  weeks 
ago  we  received  a  thousand  ponnds,  and  trouble  immedi- 
ately developed  from  its  use.  I  washed  a  sample  of  the  tin 
and  after  finishing  the  washing  there  was  al>ont  five  per 
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cent  of  the  sample  left,  and  it  was  black.  I  immediately 
sent  to  another  firm  for  a  sample  of  tin  and  washed  it,  and 
there  was  absohitely  no  impurity  at  all.  I  do  not  know 
that  these  impurities,  those  black  specks  are  iron.  It  is 
possible,  at  least  it  seems  to  me  possible,  that  these  black 
specks  could  be  due  to  the  insufficient  oxidation  of  the  tin, 
stannous  oxide. 

In  regard  to  the  zinc  oxide,  I  performed  experiments 
this  Avinter  to  determine  the  effect  of  the  different  opaci- 
fying oxides,  zinc,  antimony  and  tin.  I  took  a  formula  I 
was  using  to  make  enamels  for  sheet  steel  and  added  vary- 
ing amounts  of  zinc  oxide,  antimony  oxide  and  tin  oxide. 
The  additions  were  made  in  fractional  equivalents  but  run 
as  high  as  ten  per  cent  in  all  cases.  I  found  ten  per  cent 
of  zinc  went  into  solution  easily,  producing  a  very  liquid 
glaze.  Five  per  cent  of  antimony  goes  into  solution.  Ten 
per  cent  makes  a  glaze  too  viscous  to  pour  out  of  the 
crucible.  Five  per  cent  of  tin  oxide  goes  into  solution, 
making  a  transparent  glaze.  Ten  per  cent  makes  a  practi- 
cally opaque  white  glaze.  Professor  Binns  has  stated  that 
if  you  replace  lead  with  zinc  you  will  get  rid  of  the  yelloAV 
color,  because  you  can  reduce  the  lead.  In  performing 
these  experiments  I  got  yellowish  brown  color.  I  did  not 
use  lead,  but  my  brown  color  came  from  the  iron  of  the 
crucible,  I  think.  I  found  that  the  brown  color  was  in  the 
glaze  that  had  the  antimony  and  the  tin  in  it.  but  there 
was  no  brown  color  in  the  zinc  glaze.  I  took  another  sam- 
ple of  that  glaze  and  added  antimony,  the  same  as  I  had 
before,  and  added  the  same  amount  of  zinc.  That  glaze 
came  out  pure  and  ele^r  without  any  color.  I  believe  the 
function  of  the  zinc  oxide  is  more  to  destroy  any  tendency 
to  yellow  or  dark  colors  than  for  opacity.  In  fact,  I  do  not 
believe  there  is  any  value,  so  far  as  opacity  is  concerned, 
oT>tained  from  zinc,  providing  it  is  burned  and  receives  a 
high  heat  treatment,  as  is  used  in  luirning  and  fnttiug 
enamels.  It  may  be  that  in  burning  pottery  glazes  the 
heat  treatment  is  not  sufficient  to  take  it  into  solution,  but 
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I  am  positive  that  ten  per  cent  of  ziiie  oxide  in  8onie  enam- 
els will  go  into  solution  and  five  per  cent  of  tiu  oxide.  The 
amounts  that  will  go  into  solution  depends  on  the  compo- 
sition of  the  glaze  used  and  the  severity  of  the  heat  treat- 
ment. 

Mr.  Ashley  •}■'  In  connection  with  Mr.  Purinton's  re- 
mark as  to  trouble  with  the  glaze  in  East  Liverpool  for 
the  six  mouths  preceding  the  Society's  meeting,  it  is  of 
interest  to  note  that  during  the  whole  of  the  period  the 
Ohio  River  (the  soure  of  East  Liverpool's  water  supply) 
was  very  low.  It  was  common  talk  that  it  was  very  acid 
from  the  sulphuric  acid  waste  of  the  steel  mills  and  mine 
waters  of  the  Pittsburg  district.  At  one  time  during  the 
period,  large  quantities  of  dead  fish  were  floating  on  its 
surface,  and  an  investigation  by  the  U.  S.  fish  commission- 
ers, I  think,  (though  it  may  have  been  a  state  health 
board)  found  their  death  due  to  excessive  acidity  of  the 
w^ater.  It  seems  very  possible  that  this  extra  acid  was  the 
cause  of  the  trouble.  If  so,  the  trouble  should  cease  with 
a  return  to  a  high  stage  of  the  rivci'. 

'•''Note  by  Mr.   Ashley  subsequent   to  the  meeiing. 


TESTING  SHEET  STEEL  ENAMELS. 

BY 

J.  B.  Shaw,  Grand  Kapids,  Mich. 

The  subject  of  this  iiiYestigatiou  is  one  wliich  may 
not  be  of  s]>ecial  interest  to  more  than  a  few  persons 
present,  and  ret  it  is  one  which  is  of  more  or  less  interest 
to  every  person,  dealing  as  it  does  with  a  class  of  ware 
that  forms  an  essential  part  of  the  equipment  of  every 
kitchen,  viz.,  cooking  utensils.  Xot  only  has  enameled 
slieet  steel  become  quite  generally  adopted  for  use  as 
household  utensils,  but  it  is  very  largely  used  foi-  street 
and  advertising  signs,  atitomobile  tags,  refrigerator  lin- 
ings, surgical  ware,  chemical  and  photographic  utensils; 
and  its  field  of  tisefulness  is  rapidly  becoming  broader, 
every  step  in  the  advance  of  the  industrA'  adding  to  its 
importance  to  the  general  public. 

Volume  XI  of  the  Transactions  American  C'eramic 
Society  contains  an  article  by  Prof.  Orton,  in  whi<-h  he 
describes  tests  made  on  this  class  of  ware,  and  in  which 
he  suggests  that  the  subject  of  testing  enameled  iron  ware 
should  be  more  thoroughly  investigated.  These  remai-ks, 
together  with  a  personal  suggestion  from  Prof.  Orton, 
prompted  this  investigation. 

GENERAL  CONSIDERATION. 

There  are  three  general  agencies  A\'liich  tend  to  destroy 
the  usefulness  of  enameled  steel  ware,  viz :  chemical  action, 
sudden  change  of  temperature  and  impact.  The  ideal 
piece  of  enamel  ware  is  one  that  will  st^md  the  action  of 
strong  chemicals,  especially  acids,  without  harm,  that  will 
stand  sudden  changes  of  temperature  from  very  high  to 
very  low  or  vice  versa,  without  harm,  and  one  that  will 
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stand  a  great  many  severe  blows  without  liann.  Of  course 
there  are  other  properties  of  minor  importance  that  can 
not  be  overlooked,  sucli  as  color,  gloss,  and  general  excel- 
lence of  finish,  but  the  three  properties  named  above  are 
the  fundamental  properties  of  porcelain  enamels,  and 
every  piece  of  ware  must  possess  at  least  some  one  t^f 
these  properties  to  a  high  degree,  if  it  is  to  be  of  value. 

As.  Prof.  Orton  has  shown,  it  is  not  necessary  tliat 
all  classes  of  ware  possess  all  of  thest^  properties  in  the 
same  degree,  and  just  which  ^of  them  is  most  important  in 
any  given  case  depends  entirely  upon  the  conditions  to 
which  the  ware  will  be  subjected.  The  tests  to  whicli  any 
class  of  ware  is  to  be  subjected  should  be  deterniine<l  l)y 
the  conditions  which  that  class  of  ware  is  supposed  to 
meet.  Ware  of  the  utensil  class  must  necessarily  possess 
all  three  of  these  properties  to  a  high  degree,  but  the 
chemical  property  is  most  important.  Wares  of  the  dis- 
play class  must  possess  the  property  of  resisting  impact 
to  a  high  degree,  the  other  two  properties  being  of  decided- 
ly minor  importance.  From  these  general  considerations 
it  seems  evident  that  in  order  to  be  able  to  cover  the  entire 
field  of  enameled  sheet  steel  ware,  it  will  be  necessiiry  to 
formulate  methods  for  making  three  ditTerent  kinds  of 
tests,  viz : 

Chemical  Tests, 

Sudden   Change  of  TcinpiM-ature, 

Impact  Test. 

PROPERTIES.  OF  ENAMELS. 
Chemical. 

The  ability  of  enamels  to  resist  chemical  action  de- 
pends primarily  upon  the  ultimate  chemical  composition 
of  the  surface  exposed  to  chemical  agents,  but  of  no  less 
importance  is  the  degree  to  which  this  chemii^al  union 
approaches  a  homogeneous  ch(Muical  iompound.  The 
higher  the  percentage  of  unfritted  materials  added  to  the 
enamel  the  greater  the  danger  of  destruction  by  chemical 
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action.  The  coveriiiij;  power  of  the  enamel  might  be  men- 
tioned as  liaving  some  bearing  here,  but  its  influence  is 
A-erv  sliglit  as  compared  with  the  two  foregoing  properties. 

Adhesion. 

The  sudden  change  in  the  temperature  of  a  piece  of 
enamel  ware  introduces  conditions  wiiich  are  especially 
adapted  to  show  the  fltness  of  the  ware  for  its  purpose. 

Assume  a  piece  of  this  ware  heated  to  400  degrees  C 
and  dashed  into  water  at  15  degrees  (\  What  are  the 
conditions  introduced?  The  exterior  surface  or  cover 
enamel  cools  and  contracts  very  rapidly,  and  to  a  large 
degree  in<lependent  of  the  ground  coat  and  of  the  steel. 
So  likewise  is  the  contraction  of  the  ground  coat  partly 
independent  of  the  steel  and  cover  enamel,  and  the  con- 
ti-action  of  the  steel  independent  of  both  coats  of  enamel, 
if  there  is  any  deficiency  in  the  bond  between  the  ground 
coat  and  the  steel,  or  between  the  different  coats  of  enamel 
it  will  certainly  present  itself  under  these  conditions.  If 
the  coefficient  of  expansion  of  the  enamels  and  the  steel 
are  very  different  tliat  fact  will  also  present  itself  here, 
causing  the  enamel  to  fly  off.  Cooking  utensils  are  es- 
liecially  required  to  be  able  to  withstand  such  treatment, 
as  tlie  ware  will  be  taken  off  of  the  stove,  possibly  after 
I  aving  lioiled  dry  and  become  very  hot,  and  immediately 
jdaceil  under  the  hydrant  and  cold  water  run  into  it. 

Impact. 

A  very  large  percent  of  enamel  ware  is  destroA^ed  by 
the  enamel  being  knocked  off,  and  subseqnent  rusting  of 
the  exposed  steel. 

These  wares  differ  very  widely  with  regard  to  their 
ability  to  resist  impact  without  shattering,  and  it  is  too 
frequently  the  case  that  ware  is  placed  on  the  market 
which,  when  subjected  to  a  slight  blow,  shatters  so  badly 
as  to  render  it  useless.  The  nature  of  the  rupture  produced 
when  this  ware  is  subjected  to  IdoAvs  determines  very 
largelv  the  future  usefulness  of  the  ware.     If  the  "round 
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coat  (-oines  off  with  the  cover  enamel,  leaving  the  steel 
exposed,  it  is  only  a  matter  of  a  few  davs  nntil  the  steel 
rusts  through.  On  the  other  hand,  if  the  cover  enamel 
breaks  off,  leaving  the  ground  coat  intact,  the  ware  will 
probably  last  a  long  time  without  further  harm. 

TESTING  THESE  WARES. 

The  tests  made  by  Prof.  Orton  developed  the  fact  that 
chemical  and  physical  excellence  in  this  ware  are  neither 
mutually  dependent  nor  mutually  incompatible.  Althoui;;h 
the  results  of  his  chemical  tests  were  entirely  cousistent 
throughout,  his  tests  on  the  physical  properties  of  the  ware 
produced  results  which  were  very  diflicult  to  interpret,  and 
no  relation  could  be  established  between  the  chemical  and 
physical  properties  of  the  ^M\ve. 

In  order  to  thoroughly  investigate  this  proposition  it 
will  be  necessary  to  determine  what  are  the  factors  which 
affect  the  chemical  and  physical  properties  of  enamel,  and 
to  establish,  if  possible,  some  relation  between  them. 

In  outlining  a  method  for  attacking  this  problem  the 
writer  has  drawn  the  following  conclusions  from  the  state- 
ment made  concerning  the  properties  of  enamels : 

1.  The  chemical  tests  will  deal  entirely  with  the  cover 
enamel,  and  the  result  will  not  be  affected  by  variations 
in  the  ground  coat  or  steel. 

2.  The  testing  by  sudden  change  of  temperature  and 
by  impact,  or  in  other  words  the  physical  tests,  deal  with 
both  coats  of  enamel  and  the  steel,  and  variations  in  any 
of  them  will  affect  the  results.  Not  only  is  the  chemical 
composition  of  the  enamel  an  important  factor,  but  the 
gauge  of  the  steel,  quality  of  the  steel,  thickness  of  the 
enamel,  time  and  temperature  of  burning,  workmanship 
in  api)]ication,  and  a  number  of  otlier  fa:ctors  all  have  a 
marked  inJiuence  on  the  physical  properties  of  the  ware. 

No  attempt  has  been  made  to  prove  the  truth  or  falsity 
of  these  statements,  but  from  experience  in  producing  and 
handling  this  ware  the  writer  is  led  to  believe  that  both 
are  correct. 
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AAltb  these  facts  as  a  basis,  the  work  uecessary  to  be 
doue  is  plaiu.  For  the  chemical  tests  it  will  be  necessary 
to  make  a  sevies  of  cover  enamels  of  different  chemical 
composition,  and  by  applying  chemical  tei<its  determine  the 
facts  desired.  The  physical  tests  will  require  a  thorough 
inyestigation  of  the  ground  coat  and  coyer  coat  and  the 
steel,  and  the  determination  of  mechanical  tests  that  will 
show  any  physical  weakness  in  the  ware. 

This  program,  as  outlined,  will  require  a  great  amount 
of  time  and  labor,  and  up  to  the  present  time  the  writer 
has  only  been  able  to  coyer  a  small  part  of  the  field. 

THE  INVESTIGATION. 

Tlie  object  of  this  inyestigation  was  to  devise  chemi- 
cal tests  which  would  be  of  practical  value  in  classifying 
enamel  ware,  and  to  establish  a  limit  of  solubility  beyond 
which  enamel  ware  should  be  condemned  for  household 
purposes,  or  any  other  purpose  where  the  ware  is  likely  to 
be  materially  aft'ected  by  the  action  of  chemical  agents. 
At  the  same  time  it  was  desired  to  determine  what  varia- 
tions in  the  composition  of  enamels  will  be  required  in 
order  to  bring  them  within  these  limits  of  solubility,  an<l 
at  the  same  time  maintain  their  physical  properties  such 
as  to  render  them  useftil. 

Since  white  enamel  is  nearly  always  used  for  lining- 
cooking  utensils  and  vessels  for  chemical  purposes,  and 
also  because  of  the  fact  that  white  enaiael  is  likely  to  be 
less  soluble  than  colored  enamel,  it  was  determined  to 
base  this  investigation  on  white  enamels. 

Having  a  nundier  of  formulae  which  are  known  to  be 
in  use  at  present,  or  at  least  to  have  been  used  in  the  past 
for  commercial  i)urpo.ses,  they  were  carefully  sttidied  to 
determine  what  is  the  general  practice  in  compounding 
white  enamels  and  about  what  is  their  average  chemical 
composition.  With  this  data  as  a  basis,  a  series  of  enam- 
els was  compounded,  following  the  general  lines  of  Pr'^f. 
Purdv's  investigation  of  fritted  glazes 
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The  writer  fully  realizes  that  the  ultimate'  « iirinical 
composition  does  not  tell  the  whole  story;  tliat  the  proper- 
ties of  these  euaniels  are  likely  to  he  aflVited  hy  varyiuii; 
the  source  of  this  ultimate  chemical  composition,  hut  if 
the  fritting-  is  thorough  the  chemical  pro[)t^i'ties  wiU  be 
less  affected  than  any  other  property  of  the  enamel  and, 
after  all,  the  variation  in  ultimate  composition  will  give 
more  accurate  results  than  any  other  single  nu^tliod  of 
study. 

In  order  to  thoroughly  cover  the  field  it  will  he  neces- 
sary to  make  two  series  of  enamels,  one  in  which  the  bases 
vary  and  another  in  which  the  O.  R.,  SiO^,,  B.,^"*:',  I'Jitio  and 
AI2O3  content  vary.  The  writer  had  hoped  to  be  abh^  to 
make  up  both  these  series  and  show  the  result  of  chemical 
tests  on  them  at  this  time,  but  the  amount  of  time  and 
work  required  has  been  greater  than  was  expected,  and 
hence  it  has  only  been  possible  to  complete  the  investiga- 
tion of  the  latter  series. 

MATERIALS  USED. 

The  materials  used  in  making  the  enamels  were  as 
follows: 

.20  Na„0     J  r  S.6  SiO., 

.75  K,6      '    1.15  A1,0,      \ 

.05  CaO      S  {     .1  H,0 

Equiv.  Wt.  770.7 

Georgia  Kaolin,  AI.,0;,  2.2  SiO,,  2.2  H,0 Equiv.  Wt.  273.6 

Ground  Flint,  SiO,   Equiv.  Wt.  60 . 

Fluorspar,   CaF..    Equiv.  Wt.  78 . 

Enamel  Soda,  Na.,CO,   Equiv.  Wt.  106. 

Salt  Peter,  KnO Equiv.  Wt.  202 . 

Borax,   Na„B,0„   10   HO    Equiv.  Wt.  382. 

Boracic  Acid,  B  ,0,    Equiv.  Wt.  70 . 

Cryolite,    Na.AlF,    Equiv.  Wt.  420 . 

All  chemicalsMvere  purchased  as  pure  as  could  l)e 
obtained.  The  feldspar  and  flint  were  analyzed,  and  all 
others  were  given  preliminai'y  tests  for  impurities. 

DESIGNING  THE  SERIES. 

The  formula  .selected  as  a  basis  for  the  investigation  is 
as  follows : 
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.4  Na„0      ;  .Y  SiO. 

.2  K,6        '       X  ALO3 

.4  CaO        \  ^Z   B,0, 

X,  Y  and  Z  are  variables,  tlie  R  ()  reniaiuiiii;  coiistaut. 
This  R  O  is  a  little  higher  iu  CaO  than  the  average  of 
white  enamels,  but  it  was  made  so  in  order  to  insure  any 
of  the  enamels  from  solubility  because  of  the  R  O.  White 
enamels  sometimes  contain  BaO,  PbO  and  ZnO,  but  for 
the  purpose  at  hand  the  R  O  selected  above  seems  best, 
and  at  the  same  time  it  will  give  good  results. 

The  average  white  formula  is  about  as  follows: 

.5  Na.O         )  (1.7  SiO^ 

.2  K„6  [  .15  A1,0.     \ 

.3  CaO  )  I    .4  B„0, 

O.  R.  3.2 
SiO,  :  B„03  4.3 

Of  course  there  are  many  varietions  in  composition 
which  this  does  not  include,  some  formulae  containing 
P0O5,  Sb^O;,,  PbO,  BaO  and  ZnO,  but  they  are  rather  the 
exception  than  the  rule. 

The  formulae  given  here  are  the  formulae  of  the  fritt. 
All  white  enamels  contain  from  5  to  12%  of  raw  material 
consisting  of  clay  and  tin  oxide,  and  sometimes  MgO  and 
other  substances  which  serve  to  float  the  glaze.  These 
raw  matei'ials  are  not  included  in  any  of  the  formulae 
because  they  remain  in  an  uncombined  state  after  the 
enamel  is  burnt,  and  if  the  amount  added  to  each  enamel 
is  constant,  their  effect  on  the  solubility  of  all  enamels 
will  be  practically  the  same. 

In  the  following  series  the  O.  R.  varies  from  2.5  to 
5.0,  SiOg,  B.Oo  ratio  varies  from  3  to  T  and  AUO..  content 
varies  from  .1  to  .4  equivalent. 

The  method  of  numbering  has  been  so  selectesl  that 
the  number  of  the  enamel  tells  its  composition  except  as 
regards  O.  R. ;  for  instance,  number  ?>42  has  O.  R.  3.5, 
SiOo :  B.O;.  =  4:1.  ALO,  =  .2  E<jv. 
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The  Series. 

No. 

1     O.  R 

BaCs:  SiOa 

Al2":i 

131 

2.5            1:3 

.1 

132 

2.5 

1:3 

.2 

133 

2.5 

1:3 

.3 

134 

2.5 

1:3 

.4 

141 

2.5 

1:4 

.1 

142 

2.5 

1:4 

.2 

143 

2.5 

1:4 

.3 

144 

2.5 

1:4 

.4 

151 

2.5 

1:5 

.1 

152 

2.5            1:5 

.2 

153 

2.5 

1:5 

.3 

154 

2.5 

1:5 

.4 

161 

2.5 

1:6 

.1 

162 

2.5 

1:6 

.2 

163 

2.5 

1:6 

.3 

164 

2.5 

1:6 

.4 

171 

2.5 

1:7 

.1 

172 

2.5 

1:7 

.2 

173 

2.5 

1:7 

.3 

174 

2.5 

1:7 

.4 

231 

3 

1:3 

.1 

232 

3- 

1:3 

.2 

233 

3 

1:3 

o 

234 

3 

1:3 

.4 

241 

3 

1:4 

.1 

242 

3 

1:4 

.2 

243 

3 

1:4 

.3 

244 

3 

1:4 

.4 

251 

3 

1:5 

.1 

252 

3 

1:5 

.2 

253 

3 

1:5 

.3 

254 

3 

1:5 

.4 

261 

3 

1:6 

.1 

262 

3 

1:6 

.2 

263 

3 

1:6 

.3 

264 

3 

1:6 

.4 

271 

3 

1:7 

.1 

272 

3 

1:7 

.2 

273 

.  3 

1:7 

.3 

274 

3 

1:7 

.4 

331 

3.5 

1:3 

.1 

332 

3.5 

1:3 

.2 

333 

3.5 

1:3 

^3 

334 

3.5 

1:3 

.4 

341 

3.5 

1:4       1 

.1 

342  • 

3.5 

1:4       i 

.2 

343 

3.5 

1:4 

.3 

344       j 

3.5            1:4 

.4 

351      ! 

3.5            1:5 

.1 

352 

3.5 

1:5 

.2 

353 

3.5            1:5 

.3 
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No. 

0.  R. 

BgO.s:  SiOa 

AI2O3 

354 

3.5 

1:5 

.4 

361 

3.5 

1:6 

.1 

362 

3.5 

1:6 

.2 

363 

3.5 

1:6 

.3 

364 

3.5 

1:6 

.4 

371 

3.5 

1:7 

.1 

372 

3.5 

1:7 

.2 

373 

3.5 

1:7 

.3 

374 

3.0 

1:7 

.4 

431 

4 

1:3 

.1 

432 

4 

1:3 

.2 

433 

4 

1:3 

.3 

434 

4 

1:3 

.4 

441 

4 

1:4 

.1 

442 

4 

1:4 

.2 

443 

4 

1:4 

'.Z 

444 

4 

1:4 

.4 

451 

4 

1:5 

.1 

452 

4 

1:5 

.2 

453 

4 

1:5 

.3 

454 

4 

1:5 

.4 

461 

4 

1:6 

.1 

462 

4 

1:6 

.2 

463 

4 

1:6 

.3 

464 

4 

1:6 

.4 

471 

4 

1:7 

.1 

472 

4 

1:7 

.2 

473 

4 

1:7 

.3 

474 

4 

1:7 

.4 

531 

4.5 

1:3 

.1 

532 

4.5 

1:3 

.2 

533 

4.5 

1:3 

.3 

534 

4.5 

1:3 

.4 

541 

4.5 

1:4 

.1 

542 

4.5 

1:4 

.2 

543 

4.5 

1:4 

.3 

544 

4.5 

1:4 

.4 

551 

4.5 

1:5 

.1 

552 

4.5 

1:5 

.2 

553 

4.5 

1:5 

.3 

554 

4.5 

1:5 

.4 

561 

4.5 

1:6 

.1 

562 

4.5 

1:6 

.2 

563 

4.5 

1:6 

.3 

564 

4.5 

1:6 

.4 

571 

4.5 

1:7 

.1 

572 

4.5 

1:7 

.2 

573 

4.5 

1:7 

.3 

574 

4.5 

1:7 

.4 

631 

5 

1:3 

.1 

632 

5 

1:3 

.2 

633 

5 

1:3 

.3 

472 
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No. 

O  R. 

B203:Si02 

AI2O3 

634 

5 

1:3 

.4 

641 

5 

1:4 

.1 

642 

5 

1:4 

.2 

643 

5 

1:4 

.3 

644 

5 

1:4 

.4 

651 

5 

1:5 

.1 

652 

5 

1:5 

.2 

653 

5 

1:5 

.3 

654 

5 

1:5 

.4 

661 

5 

1:6 

.1 

662 

5 

1:6 

.2 

663 

5 

1:6 

.3 

664 

5 

1:6 

.4 

671 

5 

1:7 

.1 

672 

5 

1:7 

.2 

673 

5 

1:7 

.3 

674 

5 

1:7 

.4 

Equivalent  Formulae. 


No. 

R.  0. 

A1.03 

SiOs 

B,0, 

131 

1.0 

.1 

1.083 

.361 

132 

1.0 

.2 

1.332 

.444 

133 

1.0 

.3 

1.581 

.527 

134 

1.0 

.4 

1.883 

.611 

141 

1.0 

.1 

1.180 

.295 

142 

1.0 

.2 

1.452 

.363 

143 

1.0 

.3 

1.724 

.431 

144 

1.0 

.4 

2.000 

.500 

151 

1.0 

.1 

1.250 

.250 

152 

1.0 

.2 

1.535 

.307 

153 

1.0 

.3 

1.825 

.365 

154 

1.0 

.4 

2.115 

.423 

161 

1.0 

.1 

1.296 

.216 

162 

1.0 

.2 

1.596 

.266 

163 

1.0 

.3 

1.896 

.316 

164 

1.0 

.4 

2.196 

.366 

171 

1.0 

.1 

1.337 

.191 

'   172 

1.0 

.2 

1.645 

.235 

173 

1.0 

.3 

1.953 

.279 

174 

1.0 

.4 

2.261 

.323 

231 

1.0 

.1 

1.299 

.433 

232 

1.0 

.2 

1 .  599 

.533 

233 

1.0 

.3 

1.899 

.633 

234 

1.0 

.4 

2.199 

.733 

241 

1.0 

.1 

1.416 

.354 

242 

1.0    J 

.2 

1 .  744 

.436 
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No. 

R.  0. 

A1203 

SiOa 

B2O3 

243 

1.0 

.3 

2.072 

.518 

244 

1.0 

.4 

2.400 

.600 

251 

1.0 

.1 

1 .  500 

.300 

252 

1.0 

1    .2 

1.845 

.369 

253 

1.0 

.3 

2.190 

.438 

254 

1.0 

.4 

2.535 

1     .507 

261 

1.0 

.1 

1.560 

.260 

262 

1.0 

.2 

1 .  920 

.320 

263 

1.0 

.3 

2.280 

,     .380 

264 

1.0 

.4 

2.640 

.440 

271 

1.0 

.1 

1.603 

.229 

272 

1.0 

1    -2 

1.974 

.282 

273 

1.0 

.3 

2.345 

.335 

274 

1.0 

.4 

2.716 

.388 

331 

1.0 

.1 

1.515 

•  .505 

332 

1.0 

.2 

1.866 

.622 

333' 

1.0 

.3 

2.217 

.739 

334 

1.0 

.4 

2.565 

.855 

341 

1.0 

.1 

1.652 

.413 

342 

1.0 

.2 

2.036 

.509 

343 

1.0 

.3 

2.416 

.604 

344 

1.0 

.4 

2.800 

.700 

351 

1.0 

.1 

1.750 

.350 

352 

1.0 

.2 

2.150 

.430 

353 

1.0 

.3 

2.555 

.511 

354 

1.0 

.4 

2.960 

.592 

361 

1.0 

.1 

1.818 

.303 

362 

1.0 

.2 

2.238 

.373 

363 

1.0 

.3 

2.658 

.443 

364 
371 

1.0 
1.0 

.4 
.1 

3.078 
1.869 

.513 
.267 

372 

1.0 

.2 

2.303 

.329 

373 

1.0 

.3 

2.737 

.391 

374 
431 

1.0 
1.0 

.4 
.1 

3.171 
1.740 

.453 
.580 

432 
433 

1.0 
1.0 

.2 

.3 

2.133 

2.532 

.711 
.844 

434 
441 

1.0 
1.0 

.4 
.1 

2.931 
1.188 

.977 
.472 

442 

1.0 

.2 

2.324 

.581 

443 

1.0 

.3 

2.760 

.690 

444 

1.0 

.4 

3.200 

.800 

451 

1.0 

.1 

2.000 

.400 

452 

1.0 

.2 

2.460 

.492 

453 

1.0 

.3 

2.920 

.584 

454 

1.0 

.4    : 

3.380 

.676 

461 

1.0 

.1 

2.076 

.343 

462 

1.0 

.2 

2.566 

.426 

463 

1.0 

.3 

3.036 

.506 

464 

1.0 

.4 

3.516 

.586 

471 

1.0    1 

2.135 

.305 

472 

1.0    i 

2.632 

.376 

474 
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No. 

K  O 

Al,03 

SiO, 

B,0, 

473 

1.0 

.3 

3.129 

.447 

474 

1.0 

.4 

3.626 

.518 

531 

1.0 

.1 

1.950 

.650 

532 

1.0 

.2 

2.400 

.800 

533 

1.0 

.3 

2.850 

.950 

534 

1.0 

.4 

3.300 

1.100 

541 

1.0 

.1 

2.124 

.531 

542 

1.0 

.2 

2.616 

.654 

543 

1.0 

.3 

3 .  108 

.777 

544 

1.0 

.4 

3.600 

.  .900 

551 

1.0 

.1 

2.250 

.450 

552 

1.0 

2 

2.765 

.553 

553 

1.0 

.'i 

3.285 

.657 

554 

1.0 

.4 

3 .  005 

.761 

561 

1.0 

.1 

2.340 

.390 

562 

1.0 

.2 

2.880 

.480 

563 

1.0 

.3 

3.420 

.570 

564 

1.0 

.4 

3.960 

.660 

571 

1.0 

.1 

2.408 

.344 

572 

1.0 

.2 

2.961 

.423 

573 

1.0 

.3 

3.514 

.503 

574 

1.0 

.1 

4.074 

.582 

631 

1.0 

.1 

2.166 

.722 

632 

1.0 

2 

2.664 

.888 

633 

1.0 

.3 

3.165 

1.055 

634 

l.n 

.4 

3.666 

1.222 

641 

1.0 

.1 

2.360 

.590 

642 

1.0 

2 

2.908 

.727 

643 

1.0 

.3 

3.452 

.863 

644 

1.0 

.4 

4.000 

1.000 

651 

1.0 

.1 

2.500 

.500 

652 

1.0 

2 

3.075 

.615 

653 

1.0 

^3 

3.650 

.730 

654 

1.0 

.4 

4.225 

.845 

661 

1.0 

.1 

2 .  598 

.433 

662 

1.0 

.2 

3 .  198 

.533 

663 

1.0 

.3 

3.798 

.633 

664 

1.0 

.4 

4.398 

.733 

671 

1.0 

.1 

2.674 

.382 

672 

1.0 

.2 

3.290 

.470 

673 

1.0 

.  O 

3.906 

.558 

674 

1.0 

.4 

4.522 

.646 
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No. 

1 

Spar 

131 

0 

132 

.087 

133 

.174 

134 

.174 

141 

0 

142 

.087 

143 

.174  1 

144 

.174 

151 

0 

152 

.087 

153 

.174 

154 

.174 

161 

0 

162 

.087  ! 

163 

.174  j 

164 

.174 

171 

0 

172 

.087 

173 

.174 

174 

.174 

231 

0 

232 

.087 

233 

.174  1 

234 

.174 

241 

0 

242 

.087 

243 

.174  ! 

244 

.174  ! 

251 

0 

252 

.087 

253 

.174 

254 

.174  1 

261 

0    1 

262 

.087  1 

263 

.174 

264 

.174 

271 

0 

272 

.087 

273 

.174 

274 

.174 

331 

0    ! 

332 

.087 

333 

.174 

331 

.174  ! 

341 

0     1 

342 

.087  i 

343 

.174  i 

344 

.174  1 

"^51 

0     1 

CiV.  Cryolite 


1 .  583 

.082 

.580 

.662 

1.680 

1.202 

.723 

.780 

1.750 

1.285 

.823 

.894 

1.796 

1.346 

.895 

.973 

1.83.7 

1.395 

.953 

1.040 

1.799 

1.349 

.898 

.978 

1.916 

1.490 

1.071 

1.179 

2.00 

1.595 

1.189 

1.314 

2.060 

1.670 

1.279 

1.419 

2.103 

1.724 

1.344 

1.495 

2.015 

1 .  615 

1.216 

1.344 

2.152 

1.786 

1.415 

1.579 

2.250 


.100 

.083 

.065 

.065 

.100 

.083 

.065 

.065 

.100 

.083 

.065 

.065 

.100 

.083 

.065 

.065 

.  095 

.083 

.065 

.065 

.100 

.083 

.065 

.065 

.100 

.083 

.065 

.065 

.1 

.083 

.065 

.065 

.1 

.083 

.065 

.065 

.100 

.083 

.065 

.065 

.1 

.083 

.065 

.065 

.1 

.083 

.065 

.065 

.100 


0 

0 

0 
Clay    .1 

0 

0 

0 
.  100 

0 

0 

0 
.100 

0 

0 

0 

.1 

Soda   .005 

.000 

.000 

Clay   .1 

0 

0 

0 

.1 

0 
0 
0 

.1 

0 
0 
0 

.1 

0 
0 

0 

.1 

0 
0 
0 

.1 

0 
0 
0 

.1 

0 
0 


.2 

.  035 

.070 

.070 

.2 

.135 

.070 

.070 

.2 

.135 

.070 

.070 

.2 

.  135 

.070 

.070 

.200 

.135 

.  070 

.070 

.135 

.200 

.070 

.070 

.200 

.  135 

.070 

.070 

.2 

.135 

.070 

.070 

.2 

.  13.". 

.070 

.070 

.200 

.135 

.070 

.070 

.  20G 

.135 

.070 

.070 

.200 

.135 

.070 

.070 

.200 


.4 

.396 

.391 

.391 

.400 

.396 

.391 

.391 

.400 

.396 

.391 

.391 

.400 

.396 

.391 

.391 

.400 

.396   i 

.391  I 

.391   ' 

.396  I 

.400   ' 

.391   I 

.391   I 

.400   i 

.396   I 

.391   ! 

.391 

.4 

.396 

.391 

.391 

.4 

.396 

.391 

.391 

.400 

.396 

.391 

.391 

.400 

.396 

.391 

.391 

.400 

.396 

.391 

.391 

.400 


.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 


.161 

.268 

.397 

.481 

.095 

.197 

.301 

.370 

.050 

.141 

.235 

.293 

.016 

.100 

.176 

.220 

.000 

.069 

.149 

.193 

.233 

.367 

.503 

.603 

.154 

.270 

.388 

.470 

.1 

.203 

.308 

.377 

.060 

.154 

.250 

.310 

.029 

.116 

.205 

.258 

.305 

.459 

.609 

.725 

.213 

.343 

.474 

.570 

.150 
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No. 

Spar 

Kliar 

Borix 

Soda  CUy 

KNO., 

CiF,. 

Cryolite 

B..O3 

352 

.087 

1.900 

.083 

0 

.135 

.396 

.264 

353 

.174 

1.554 

.065 

0 

.070 

.391 

•1 

.381 

354 

.174 

1.739 

.065 

.1 

.070 

.391 

.1 

.462 

361 

0 

2.318 

.100 

0 

.200 

.400 

.1 

.103 

362 

.087 

1.988 

.083 

0 

.135 

.396 

.207 

363 

.174 

1 .  657 

.065 

0 

.070 

.391 

.313 

364 

.174 

1.857 

.065 

.1 

.070 

.391 

.383 

371 

0 

2.369 

.1 

0 

.200 

.400 

.067 

372 

.087 

2.053 

.083 

0 

.135 

.396 

.163 

373 

.174 

1.736 

.065 

0 

.070 

.391 

.261 

374 

.174 

1.950 

.065 

.1 

.070 

.391 

.323 

431 

0 

2.240 

.100 

0 

.2 

.400 

.380 

432 

.087 

1.883 

.083 

0 

.135 

.396 

.545 

433 

.174 

1.531 

.065 

0 

.070 

.391 

.714 

434 

.174 

1.710 

.065 

.1 

.070 

.391 

•1 

.847 

441 

0 

2.388 

.1 

0 

.2 

.4 

.272 

442 

.087 

2.074 

.083 

0 

.135 

.396 

.415 

443 

.174 

1 .  759 

.065 

0 

.070 

.391 

.560 

441 

.174 

1.979 

.065 

.1 

.070 

.391 

.670 

451 

0 

2.500 

.1 

0 

.2 

.4 

.200 

452 

.087 

2.210 

.083 

0 

.135 

.396 

.326 

453 

.174 

1.919 

.065 

0 

.070 

.391 

.454 

454 

.174 

2.159 

.065 

.1 

.070 

.391 

.546 

461 

0 

2.576 

.1 

0 

2 

.4 

.146 

462 

.187 

2.306 

.083 

0 

!l35 

.396 

■\^ 

.260 

463 

.174 

2.035 

.065 

0 

.070 

.391 

.376 

464 

.174 

2.295 

.065 

.1 

.070 

.391 

.456 

471 

0 

2.635 

.1 

0 

.2 

.4 

.105 

472 

.087 

2.382 

.083 

0 

.135 

.396 

.210 

473 

.174 

2.128 

.065 

0 

.070 

.391 

.317 

474 

.174 

2.405 

.065 

.1 

.070 

.391 

.388 

531 

0 

2.450 

.1 

0 

.2 

.4 

.450 

532 

.087 

2.150 

.083 

0 

.135 

.396 

.634 

533 

.174 

1.849 

.065 

0 

.070 

.391 

.820 

534 

.174 

2.079 

.065 

.1 

.070 

.391 

.970 

541 

0 

2.634 

.1 

0 

.2 

.4 

.331 

542 

.087 

2.366 

.083 

0 

.  135 

.396 

.488 

543 

.174 

2.107 

.065 

0 

.070 

.391 

.647 

544 

.174 

2.379 

.065 

.1 

.070 

.391 

.770 

551 

0 

2.750 

.1 

0 

.2 

.4 

.250 

552 

.087 

2.515 

.083 

0 

.135 

.396 

.387 

553 

.174 

2.284 

.065 

0 

.070 

.391 

..527 

554 

.174 

2.584 

.065 

.1 

.070 

.391 

.631 

561 

0 

2.840 

.1 

0 

.2 

.4 

.190 

562 

.087 

2.630 

.083 

0 

.1.35 

.396 

.314 

563 

.174 

2.419 

.065 

0 

.070 

.391 

.440 

564 

.174 

2.739 

.065 

.1 

.070 

.391 

.530 

571 

0 

2.908 

.1 

0 

.2 

.4 

.144 

572 

.087 

2.711 

.083 

0 

'  135 

.396 

.257 

573 

.174 

2.513 

.065 

0 

.070 

.391 

.372 

574 

.174 

2.853 

.065 

.1 

.070 

.391 

.452 

631 

0 

'  2.666 

.1 

0 

.2 

.4 

.522 

632 

.087 

2.414 

.083 

0 

.135 

.396 

.722 
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No. 

Spar 

Flint 

Be  rax 

Soda  Clay 

KNO, 

1 

CaF., 

Cryolite 

B^O.T 

633 

.174 

2.164 

1     .065 

0 

.070 

.391 

.925 

634 

.174 

2.445 

1    .065 

.1 

.070 

.391 

1.092 

641 

0 

2.860 

1  .1 

0 

.2 

.4 

.390 

642 

.087 

2.658 

1    .083 

0 

.135 

.396 

.561 

643 

.174 

2.451 

.065 

0 

.070 

.391 

.733 

644 

.174 

2.779 

.065 

.1 

.070 

.391 

.870 

651 

0 

3.000 

t    .1 

0 

.2 

.4 

.3 

652 

.087 

2.825 

1    .083 

0 

.135 

.396 

.449 

653 

.174 

2.649 

.065 

0 

.070 

.391 

.600 

654  - 

.174 

3.004 

.065 

.1 

.070 

.391 

.715 

661 

0 

3.098 

!   .1 

0 

.2 

.4 

.233 

662 

.087 

2.948 

i    .083 

0 

.135 

.396 

.367 

663 

.174 

2.797 

1   .065 

0 

.070 

.391 

.503 

664 

.174 

3.177 

1    .065 

.1 

.070 

.391 

.603 

671 

0 

3.174 

1    .1 

0 

.2 

.4 

.182 

672 

.087 

3.040 

(    .083 

0 

.135 

.396 

.304 

673 

.174 

2.905 

I    .065 

0 

.070 

.391 

.428 

674 

.174 

3.301 

.065 

.1 

.070 

.391 

.516 

PREPARING  THE  ENAMELS. 
Fritting-. 

One  grain  equivalent  of  each  enamel  was  carefully 
weighed  and  thoroughly  mixed  by  passing  through  a  screen 
several  times.  They  were  then  fritted  in  Hessian  crucibles 
in  an  experimental  frit  furnace  using  artificial  gas  for 
fnel,  burned  with  compressed  air.  The  temperature  of  the 
frit  furnace  was  not  measured  but  it  ran  quite  constant, 
as  it  was  heated  and  kept  going  day  and  night  until  all 
fritting  was  completed.  The  length  of  time  required  to 
frit  each  enamel  was  about  one  hour,  although  it  varied 
some,  depending  on  the  composition  of  the  enamel. 
Grinding. 

The  enamels  were  ground  dry  in  8''  porcelain  mills  to 
pass  through  an  80  mesh  screen.     Before  placing  in  the 
mill  there  was  added  to  each  enamel  5%  plastii-  clay  and 
79r  tin  oxide. 
Slushing. 

The  test  pieces  used  were  rectangular  pieces  of  20 
gauge  steel  IW'^  3".     Each  sample  was  coated  on   both 
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sides  with  a  iiood  reliable  utouihI  coat,  cai*'  liciiii:,  taken  in 
slnsliing  and  burning  to  see  that  the  edges  iciuisined  coated 
with  enamel. 

Half  of  each  enamel  batch  was  jdaced  in  a  bottle, 
mixed  with  about  50%  water,  or  sufficient  to  give  an 
enamel  of  proper  consistency  for  slushing,  and  thoroughly 
shaken.  It  was  then  placed  in  a  dish  of  appropriate  shape 
and  size  for  slushing.  Seven  samples  \^  ere  coated  with  each 
enamel.  Two  coats  of  white  were  applied  to  each  sample 
on  both  sides.  After  slushing,  the  samples  were  imme- 
diately placed  in  a  dryer  and  left  until  perfectly  dry. 

Burning". 

The  time  and  temperature  of  burning  was  varied  to 
suit  the  ditferent  enamels.  Some  enamels  required  higher 
temperature  and  longer  time  in  the  muffle  than  others. 
The  ol)ject  ^^'as  to  produce  the  very  best  i^iece  of  ware  that 
could  be  produced  with  each  enamel.  At  the  same  time 
every  precaution  was  taken  to  keep  the  edges  of  the  sam- 
ples covered  with  enamel.  In  the  main,  the  results  were 
entirely  satisfactory.  The  temperature  of  the  juulfle  was 
measured  with  a  pyrometer.  The  temjteratui'e  used  for 
burning  varied  fi'om  1500  to  1800  degrees  F,  inci-easiug 
with  increase  of  OR  and  AUG-,  and  decrease  of  B^>0;.. 

TESTING  THE  SAMPLES. 

It  seems  to  the  writer  that  the  Avork  done  by  Prof. 
( )rton  on  this  subject  established  very  definitely  the  fact 
that  different  enamels  will  show  the  same  relative  solu- 
Irility  when  exposed  to  different  inorganic  acids.  Of  course 
the  strength  and  tempei-ature  of  the  acid  and  the  rin?e  of 
the  exposure  will  greatly  intiuence  the  absolute  solubility 
of  any  gi\('n  enamel  but,  comparatively,  the  results  will 
be  the  same  r(\gardless  of  Avhat  acid  is  used.  Therefore, 
for  this  investigation,  it  was  (h^emed  sufficient  to  select  ar- 
bitrarily a  particular  acid,  its  strength  and  tlie  teiii])('i'a- 
tui'c  and  the  time  of  the  e\i»osni'e. 
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Just  which  arid  is  l»est  for  testing  enamels  is  a  debat- 
able question.  The  Hooper  method,  as  described  by  Prof. 
Orton,  has  objectionable  features  ^hieh,  it  seems  to  the 
\\Titer,  make  it  impracticable  for  this  purpose.  Unless 
every  piece  of  ware  tested  by  this  method  is  of  exactly  the 
same  shape  and  size,  it  is  of  absolutely  no  value  for  com- 
paring enamel  wares.  Suppose  you  have  two  pieces  of 
ware — one  a  large  vessel  of  large  area  of  bottom,  the  other 
a  high  vessel  of  small  area  of  bottom.  It  will  take  much 
longer  to  evaporate  500  c.  c.  of  the  same  strength  acid  out 
of  the  latter  than  the  former,  hence  more  solubility  of  the 
latter.  The  metluxl  is  also  open  to  the  objection  of  prob- 
able change  in  strength  of  the  acid  during  boiling.  The 
cleaning  the  surface  after  boiling  by  scouring  with  sand 
or  sapolio  is  entirely  wrong,  as  in  the  case  of  soft  enamels 
this  alone  will  destroy  the  gloss. 

It  is  possible  that  acetic  acid  could  be  used  for  testing 
enamels  with  good  results,  but  the  method  of  using  it  as 
suggested  by  Mr.  Hooper  could  not  be  accepted  as  j)roduc- 
tive  of  good  results  without  further  proof. 

To  the  writer  it  seems  that  acetic  is  not  the  proper  acid 
for  this  purpose.  We  are  dealing  here  with  an  inorganic 
compound  and  it  should  be  tested  wdth  inorganic  acids. 
Although,  as  a  rule,  this  ware  is  subjected  to  the  action  of 
organic  acids  much  more  than  inorganic  acids,  still  it  is 
by  no  means  uncommon  that  it  is  subjected  to  the  action 
of  weak  solutions  of  inorganic  acids  and,  as  will  be  shown 
later,  a  very  weak  solution  of  an  inorganic  acid  has  a 
much  greater  effect  on  enamels  than  a  very  strong  solution 
of  an  organic  acid. 

For  testing  th^se  enamels  t^o  acids  ^\ ere  used  in  order 
to  compare  the  results.  A  sample  of  each  enamel  was 
boiled  for  15  minutes  in  1%  solution  of  HoSO^  and  the 
operation  repeated  on  a  new  sample  for  accuracy.  Another 
sample  of  each  enamel  was  boiled  for  20  minutes  in  a  759^ 
solution  of  acetic  acid  and  the  operation  repeated  on  a 
new  sample. 
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BOILING  THE   SAMPLES. 

After  having  weighed  each  samp]e  arcnrately  to  .001 
gram,  they  Avere  placed  in  a  vessel  of  distilled  water  and 
the  water  heated  to  boiling.  Tlie  H0SO4  solution,  having 
been  accurately  measured  to  make  a  1%  solution  of  acid, 
using  distilled  water  and  concentrated  acid,  was  also 
heated  to  boiling.  The  samples  were  now  taken  out  of  the 
boiling  water  and  placed  in  the  boiling  acid.  This  precau- 
tion was  taken  in  order  to  insure  no  loss  in  weight  from  the 
enamel  peeling  off  because  of  cold  sain  pies  being  thrown 
in  boiling  acid.  As  soon  as  the  samples  had  boiled  for  15 
minutes  they  were  placed  in  hot  water  and  cold  water  run 
in  to  insure  gradual  cooling.  They  were  now  thoroughly 
washed  in  distilled  water  by  gentle  rubbing  with  a  soft 
cloth.  After  dr\ing,  they  were  again  accurately  weighed. 
The  difference  in  weight  represents  loss  due  to  solution. 
Each  sample  having  an  area  of  9  sq.  inches,  tlie  total  loss 
divided  by  9  represents  the  loss  per  square  inch  of  exposed 
surface.  The  operation  with  the  acetic  acid  was  exactly 
the  same  as  with  the  H2SO4. 

SUDDEN  CHANGE  OF  TEMPERATURE. 

No  attempt  has  been  made  to  formulate  any  definite 
rule  for  testing  ware  by  this  method,  but  it  was  desired  to 
ascertain  which  of  these  enamels  are  likely  t<»  ]>rove  stitis- 
factory  in  other  respects  beside  in  their  chemical  proper- 
ties, hence  they  were  tested  by  this  method  as  follows: 

One  sample  of  each  enamel  was  heated  in  the  muflie  to 
1500  degrees  F.  and  then  allowed  to  cool  just  below  red- 
ness, and  while  at  this  temperature  they  were  thrown  into 
water  at  60  degrees  F.  This  test  was  repeated  twice,  each 
test  being  made  a  little  more  severe  than  the  preceding 
one.  In  the  last  test,  the  samples  were  thrown  in  the  water 
while  they  were  still  red  hot  and  tlie  cnaiucl  soft.  The  sec- 
ond and  third  tests  of  this  kind  were  too  severe,  very  few 
of  the  test  pieces  standing  them  without  a  great  deal  of 
enamel  c(miinsi-  of!'.     Tlie  first  test  was  (luite  satisfactorv. 
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DATA. 


The  followiiii;;  diagram  contains  all  the  data  obtained. 
Each  square  represents  a  certain  enamel  as  indicated.  The 
upper  decimal  indicates  the  loss  in  grams  per  square  inch 
of  exposed  are<i  when  exposed  to  H-SO4  as  before  de- 
scribed. 

The  lower  decimal  fraction  represents  the  loss  in 
grams  per  sfpiare  inch  of  exposed  area  when  exposed  to 
acetic  acid. 

The  figure  1,  2  or  3  indicates  that  the  enamel  stood  the 
change  of  temperature  test  without  harm. 

The  letter  "G"  indicates  that  the  enamel  retained  its 
gloss  after  the  acetic  acid  treatment. 

The  letter  ""X"  indicates  that  no  good  results  were  ob- 
tained with  the  enamel  thus  marked.  Those  with  low 
O.  R.  marked  thus  showed  no  gloss  at  any  time,  although 
they  were  l>urued  smooth.  Those  with  high  O.  K.  marked 
thus  showed  some  gloss,  but  were  rough  and  could  not  be 
burned  to  a  smooth  coating. 

In  interpreting  the  results  of  this  test  on  automobile 
tags,  Prof.  Orton' based  his  comparisons  on  the  percentage 
of  weight  lost  by  the  tags  when  subjected  to  the  same  acid 
treatment.  The  writer  has  the  greatest  respect  for  Prof. 
Orton's  ability,  and  hesitates  to  question  his  judgment  in 
this  matter,  but  it  seems  quite  obvious  that  this  basis  for 
comparison  is  wrong  and  will  lead  to  contradictory  re- 
sults. For  instance,  suppose  we  have  two  pieces  of  ware, 
both  containing  the  same  surface  area,  one  of  18  gauge 
steel  with  a  ground  coat,  two  coats  of  white  and  a  coat 
of  blue,  all  heavy  coats.  The  other  20  gauge  but  all  light 
coats  of  enamel.  Obviously  the  latter  tag  will  be  much  the 
lighter  of  the  two.  Now  if  the  same  enamel  is  used  on  each 
tag  it  is  likely  that  on  going  through  the  same  acid  treat- 
ment the  actual  amount  dissolved  will  be  practically  the 
same,  but  the  percent  of  weight  lost  will  be  quite  different. 
Hence  it  seems  that  it  would  be  more  accurate  to  base  this 
comparison  on  the  absolute  loss  per  unit  of  exposed  area. 
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INTERPRETATION  OF  THE  RESULTS. 

Solubility  in  H.SO,. 

A  study  of  the  diagrams  shows: 

1.  Everything  else  being  constant,  the  solnltility  de- 
creases directly  as  the  O,  R.  increases. 

2.  Everytliing  else  being  constant,  tlie  solnbilitv  de- 
creases as  the  contents  of  AloO:^  increases. 

3.  Everything  else  being  constant,  the  solnbility  de- 
creases as  the  BoOg  decreases. 

Solubility  in  Acetic  Acid. 

Tlie  results  of  tlie  acetic  acid  test  are  not  so  sharply 
defined  as  in  the  IKSO^  test,  but  in  general  the  st<itements 
m^de  concerning  solubility  in  H2SO4  also  hold  true  with 
regard  to  acetic  acid.  One  fact  is  very  plain  and  unmis- 
takable, viz.,  757^   solution  of  acetic  acid,  has  very  much 
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lei<s  solvent  action  on  enamels  than  has  a  l^c  solution  of 
H0SO4.  This  is  indicated  not  only  by  the  very  low  loss 
per  square  inch  in  weight,  but  by  the  fact  that  so  many 
samples  retain  their  gloss  after  the  acetic  acid  treatment, 
while  not  one  of  the  enamels  shoAved  any  gloss  after  H2SO4 
treatment.  The  gloss  was  affected  to  some  extent  on  all 
samples  by  the  acetic  acid,  but  the  effect  on  those  high  in 
O.  R.  and  AI2O3  was  very  slight  indeed. 

After  careful  study  of  the  data  obtained,  as  well  as 
the  action  of  the  enamels  in  application  and  burning  and 
the  general  quality  of  the  results  obtained,  the  writer  has 
outlined  the  field  within  which  good  results  can  be  ob- 
tained, and  at  the  same  tin>e  keep  the  ware  safe  from 
probable  destruction  by  any  acid  Avhich  is  likely  to  be  en- 
countered. 

The  area  included  in  the  figure  A  B  C  D  includes 
those  enamels  which  did  not  lose  more  than  .008  gram  per 
square  inch  of  exposed  area  when  treated  with  IToSO^. 
Every  enamel  within  this  area  retains  its  gloss  to  a  high 
degree  after  acetic  acid  ti-eatment  as  descr-ibed,  with  a  few 
excerptions.  Every  enamel  within  this  area  stood  at  least 
one  of  the  tests  by  change  of  temperature,  with  a  few  ex- 
ceptions. 

The  enamels  below  the  line  A  B  are  rule<l  out  chiefly 
because  of  their  solubility  in  H2SO4,  although  a  few  of 
them  showed  no  good  results  at  any  time. 

Those  enamels  above  the  line  C  D  are  rulefl  out  be- 
cause of  their  tendency  to  chip  oft\  and  some  of  them  did 
not  .show  good  results  at  any  time.  The  high  loss  which 
some  of  these  show  is  due  to  their  chipping  off  and  not  due 
to  .solution  in  acids. 

CONCLUSIONS. 

Correlation  of  the  foregoing  data  leads  to  tlie  follow- 
ing conclusions: 

1.  An  enamel  which  does  not  lose  more  than  .008 
gram  per  square  inch  of  expo^^ed  area  during  15  minutes 
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boiliiio-  in  19f  f^olution  H^SO^  is  perfectly  safe  from  de- 
struction from  any  inorganic  acid  Avliicb  it  is  likely  to 
meet,  and  will  give  good  service  as  far  as  its  freedom  from 
solubility  is  concerned,  if  used  for  any  of  the  ordinary  pur- 
poses for  which  this  ware  is  used. 

2.  The  enameler  has  a  large  field  within  wliicb  he  can 
keep  the  solubility  of  his  ware  within  this  figure,  and  yet 
produce  good  serviceable  ware. 

Therefore,  the  writer  believes  that  the  public  should 
reject  any  ware  which  shows  a  solubility  higher  than  .008 
gram  per  square  inch  when  tested  in  HoSO^,  as  described 
in  this  paper,  ]U'oviding  the  ware  is  to  be  used  for  cooking 
purposes  or  any  other  purpose  in  which  it  is  essential  that 
the  Avare  be  kept  clean,  and  in  which  it  will  be  subjected  to 
the  action  of  acids  to  any  marked  extent. 

In  conclusion,  the  writer  wishes  to  publicly  thank  the 
Grand  Rapids  Refi'igerator  Go.  for  tbeir  assistance  in  fur- 
thering this  investigation,  by  furnishing  equipment  and 
materials  such  as  Avere  necessary. 

PROPOSED  STANDARD  SOLUBILITY  TEST  FOR  ENAM- 
ELED SHEET-STEEL  COOKING  UTENSILS. 

Samples. 

Select,  as  representing  the  different  brands  to  be 
tested,  pieces  of  the  same  shape  and  size  as  nearly  as  pos- 
sible, and  of  such  a  shape  that  the  area  of  the  inside  admits 
of  easy  and  exact  measurement  by  the  process  described 
later.  The  preferable  capacity  of  the  test  ])ieces  is  from 
one  to  two  quarts. 

Preparation  of  the  Samples,  ^^'ash  each  vessel  per- 
fectly clean  with  distilled  water,  and  aftci*  drying  weigh 
accurately  to  0.001  gram.  Then  tit  a  rubber  gasket  into 
each  vessel,  as  shown  in  the  diauram  be](»\\  : 
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The  ring  holding  the  gasket  in  place  should  be  of  cop- 
per or  heayy  enameled  iron.  The  gasket  must  fit  firmly 
against  the  pan,  so  as  to  exclude  acid  from  working  up  be- 
hind it.  If  necessarT,  use  an  expansible  ring,  which  will 
bring  pressure  against  the  gasket  to  insure  its  being  water- 
tight. 

The  Solvent.  Prepare  a  mixture  of  one  part  bv  weight 
of  chemically  pure  sulphuric  acid,  sp.  gr.  1.84,  and  ninety- 
nine  parts  by  weight  of  distilled  water,  making  up  a  quan- 
tity sufficient  for  "the  tests  to  be  run  tlirough  at  one  time. 
This  must  be  kept  in  glass  or  stoneware  containers  until 
needed. 

The  Process  of  Testing.  After  fitting  the  gasket  and 
ring  into  one  of  the  vessels  to  be  tested,  fill  the  vessel  with 
water  and  heat  to  boiling.  In  a  glass  or  stoneware  recep- 
tacle heat  a  sufficient  (juantity  of  the  acid  solvent.  When 
both  fluids  are  at  fnll  boil,  pour  out  the  water  and  imme- 
diately pour  in  tlie  boiling  acid  to  the  pan  to  be  tested, 
filling- it  above  the  level  of  the  bottom  of  the  rubber  gasket, 
as  shown  in  the  figure.  This  change  should  require  but  a 
very  few  seconds.  Turn  up  the  flame  and  boil  vigorously 
for  fifteen  minutes.    If  the  arid  is  eva]H.Tated  so  as  to  fall 
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below   the  hott(tiu   of  the  nasket,   replenish    with   a   fresh 
supply. 

At  the  expiration  of  fifteen  minutes  pour  out  the  acid 
•  and  throw  it  away.  Use  fresh  acid  for  the  next  test.  Fill 
the  pan  with  boiling  water,  and  then  run  in  cold  water 
until  the  pan  is  cool.  Remove  the  gasket  and  ring,  wash 
the  pan  thoroughly  iu  distilled  water,  rubbing  the  surface 
with  a  cloth,  after  which  dry  and  weigh  the  dish  carefully. 
The  difference  in  weight  represents  the  enamel  taken  into 
solution,  unless  it  has  suffered  mechanical  loss  by  chip- 
ping, or  it  has  cracked  and  allowed  the  acid  to  attack  the 
surface  of  the  iron  underneath.  In  these  events,  throw 
out  the  test  and  repeat  with  a  sound  vessel.- 

Determination  of  Exposed  Area. 

After  the  pan  has  been  dried  and  weighed  the  last 
time,  cut  a  straight  strip  of  thin  paper  about  3-16"  wide, 
and  long  enough  to  reach  across  the  bottom  and  up  the  sides 
of  the  pan.  Paste  the  strip  across  the  middle  of  the  bottom 
and  up  both  sides  of  the  pan,  using  paste  which  will  admit 
of  the  paper  being  taken  off  easily  without  tearing. 

With  the  paper  in  position,  mark  the  points  a  b  d  e  g  h. 

a  and  h  will  usually  be  readily  seen  by  the  abrupt 
change  in  gloss,  b,  d,  e  and  g  are  the  points  where  the 
bottom  and  sides  are  tangent  to  the  fillet. 

Now  subdivide  b  d  and  e  g,  determining  points  c  and  f. 
Now  measure  the  distance  c  f,  b  g  and  a  h.  Remove  tlie 
paper  and  straighten  out  and  measure  distances  ab,  gh, 
d  e,  b  d  and  e  g. 

If  the  pan  is  symmetrical, 

a  b  =:  h  g 
b  d  =  e  g 

If  the  pan  is  not  .symmetrical  their  averages  must  b<^ 

taken. 

a  b-(-h  g  „  ^ 

Then  «    "^  =  slant  height  of  frustrum  of  a  cone  H. 

e  d  =  diameter  of  bottom  =  D. 
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ef  (measured  inside  the  pan)  —diameter  of  field 
circle  =  D'. 

Hence-MlH  =  width  of  fillet  =  W. 
2 

Therefore,  t-  (-  )2=  area  of  bottom,  and  tt-  D'-  W  — 
area  of  fillet,  and— '     ^^   XH  =  area  of  sides  of  pan. 

Assembling  terms,  we  have  the  formula: 

D                          a  h+b  g 
TT  [-v^-+  D' '  W+  ( ^ — -)  •  H]=  total  exposed  area. 

wliich  will  give  the  desired  result  very  closely.^ 

Final  Result.  The  total  loss  in  weight  in  grams  di- 
vided V)y  tlie  exposed  area  gives  the  loss  per  square  inch. 
This  loss  should  not  exceed  0.008  gram  per  square  inch,  in 
wares  of  good  quality. 

DISCUSSION. 

Mr.  Price:  I  am  very  much  intereste<l  in  this  paper. 
I  would  like  to  know  the  relationship  between  the 
solubility  and  the  absorption  of  the  enamel  to  the  failure 
by  impact.  We  have  had  some  trouble  in  getting  this  ware. 
I  noticed  he  uses  No.  20  gauge.  This  is  No.  28  here,  and 
those  of  American  manufacture  will  invariably  crack  off 
when  you  get  at  them  that  way.  (Bending  the  sample.) 
This  is  an  Austrian  shade.  There  are  no  cracks  in  it, 
while  you  would  get  large  chunks  coming  off  the  American 
shade.  Of  course,  the  steel  is  rather  thin,  but  I  would  like 
to  know  what  Mr.  Shaw  has  to  say  about  this. 

Mr.  Bhms:  Is  there  any  sound  reason  why  you 
should  do  that  wav  with  it? 


1  The  fillet  in  pans  is  usually  very  small,  never  being  more  than  10% 
of  the  total  area.  The  error  in  figuring  the  area  of  the  fillet  by  the  method 
outlined  above  will  never  be  more  than  10%,  and  the  other  surfaces  are 
calculated  exactly. 

This  makes  a  possible  error  of  not  more  than  1%  on  the  exposed  area 
due  to  the  method  of  calculation.  The  laws  of  Calculus  could  be  applied  to 
determine  this  area  exactly,  if  the  surface  was  always  symmetrical,  but 
there  are  always  irregularities  in  the  surface,  and  it  would  be  a  needless 
refinement  to  use  calculus  under  these  circum.stances. 
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Ml'.  Price:     Yes;  the  shade  may  drop. 

-1//'.  Shaw :  Professor  Ortou  was  unable  to  establish 
any  relation  between  the  physical  and  the  chemical  proper- 
ties of  the  ware,  and  I  hope  to  test  the  physical  properties 
of  this  ware  in  the  future.  So  far  as  I  know  there  has  been 
no  relation  established  between  the  physical  and  chemical 
properties  of  the  ware.  The  statement  that  invariably  the 
American  ware,  when  treated  as  you  treat  this  shade,  will 
peel  off  in  large  flakes,  I  think  is  wrong.  I  have  made  an 
enamel  ware  that  you  can  bend  around  a  one  inch  rod  and 
it  A\ill  straighten  I'ight  out  again. 

Mr.  Price:     Lead  me  to  it. 

.Vr.  Shato:  I  liave  also  made  an  enamel  ware  that 
will  peel  off  in  large  flakes.  The  secret  of  the  adhering 
properties  of  that  Avare  is  the  thickness  of  the  coat.  1  made 
reflectors  and  I  made  some  that  will  peel  off  just  as  you 
said  that  will.  And  I  made  some  that  Avill  hang  just  as 
good  as  that  does.  So  that  if  you  want  to  produce  ware 
that  will  match  that  piece  there,  you  have  got  to  get  hold 
of  somebody  that  knows  how  to  produce  it. 

Mr.  Britner:  It  has  been  custonmry  Avlien  making 
tests  on  auA-thing  to  pour  acid  on  it  and  see  what  it  does. 
I  would  like  to  ask  Mr.  Shaw  if  they  or  anybody  else  ever 
tested  these  wares  in  an  alkaline  solution?  It  ^^•ould  prob- 
ably be  more  corrosive  than  acid.  And  in  addition  he  said 
he  flred  these  samples  at  15  to  IS  hundred  degrees  Fahren- 
heit. Is  not  this  temperature  somewhat  high?  In  addi- 
tion, he  says  some  of  those  samples  were  plunged  imme- 
diately while  red  hot  into  cold  water.  What  is  the  object 
of  that,  which  never  occurs  in  practice? 

Mr.  Shmu:  As  to  testing  in  alkalies  I  never  tested 
these  in  an  alkaline  solution,  but  they  would  probably  be 
effected  by  an  alkaline  solution,  I  have  no  doubt  of  that. 
The  object  of  these  tests  was  to  get  at  commercial  condi- 
tions. You  do  not  often  find  enamel  ware  subjected  to 
alkaline  solutions  to  any  great  extent.  Cooking  solutions 
are  generallv  acid. 
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Mr.  Bin  lis  :     Dou't  you  use  a  little  Pearliue  polish? 

Mr.  »v/((/»-:  It  is  not  that  they  are  uever  subjected 
to  alkaliue  solutions;  they  must  stand  botii,  but  they 
are  subject  to  more  severe  acid  than  alkaline  treat- 
ment. So  the  test  with  the  acid  would  seem  more 
likely  to  give  accurate  commercial  results.  As  the  oxygen 
ratio  increases  in  the  test  with  alkali  we  would  get  higher 
solubility.  It  is  quite  apparent  that  the  more  acid  a  sub- 
stance is,  the  less  easily  attacked  it  is  by  an  acid  and  the 
more  easily  attacked  by  alkali.  In  order  to  get  a  ware  that 
will  stand  a  severe  acid  and  alkali  treatment,  there  will 
have  to  be  other  considerations  than  the  absolute  chemical 
compositions,  as  regards  acidity.  It  is  probably  correct 
that  alkalies  will  attack  this  to  some  extent. 

The  second  question  was  in  regard  to  temperature.  I 
burn  my  ground  coat  at  1800°  to  2000°  F.  I  burn  the 
white  coat  from  1500°  to  1700°  F.,  under  commercial  con- 
ditions. If  I  liad  burned  no  higher  than  1600°,  T  would 
have  gotten  no  enamel  at  all.  The  object  was  to  produce 
the  very  best  piece  of  ware  that  could  be  produced  with 
these  enamels,  and  in  order  to  manufacture  them,  those 
that  are  higher  in  oxygen  ratio  and  lower  in  boracic  acid 
had  to  be  burned  at  a  temperature  of  1800°.  It  is  by  no 
means  impossible  to  produce  good  ware  at  those  tempera- 
tures— they  are  not  unique  at  all.  The  fact  is,  they  are 
common. 

The  third  question  was  as  to  plunging  the  red  hot 
pieces  into  cold  water.  That  ^^as  a  severe  test,  but  wares 
are  subject  to  treatments  approaching  that.  As  I  said, 
kitchen  utensils  are  sometimes  boiled  dry  on  the  stove  and 
taken  off  and  put  under  the  hydrant  and  cold  water  run 
into  them.  That  approaches  the  conditions  I  applied.  I 
only  applied  it  once,  however,  and  the  ware  would  be  sub- 
jected to  the  treatment  just  mentioned  75  or  100  times  in 
the  life  of  the  ware. 

}fr.  Driiucr:  Another  question.  Ilow  \aou1i1  you 
carrv  this  out  bv  immersins,'  the  entire  vessel  in  the  solu- 
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tion?  All  vessels  have  to  be  supported  ou  forms,  where 
those  three  points  are  there  is  a  flaw  in  the  sample.  Where 
do  you  support  them  in  your  experiment  to  get  no  flaws? 

Air.  ^haic :     I  support  them  on  enameled  iron  grates. 

Mr.  Binns:  We  have  a  brother  of  Mr.  Shaw  here, 
and  would  be  glad  to  hear  from  him. 

Mr.  Liician  Shaw:  The  question  as  to  what  you  would 
do  to  cover  the  exposed  steel,  which  is  unavoidable  in  prac- 
tice, I  would  answer  by  saying  either  to  cover  the  points 
with  some  insoluble  material  or  leave  them  exposed  to  the 
action  of  the  acid.  It  is  not  necessary  to  have  more  than 
three  of  these  exposed  points,  and  they  ought  not  to  show 
more  steel  than  the  surface  of  the  head  of  a  pin.  We  might 
boil  a  piece  of  ware  that  shows  three  points  for  fifteen 
minutes  without  materially  affecting  the  results  sought. 

Mr.  Orton :  What  about  the  temperature  of  the 
furnace? 

Mr.  Lucian  Shaw:  We  use  no  pyrometer,  but  from 
my  observations  and  the  opinions  of  others  who  are  com- 
petent to  judge  temperatures,  we  burn  our  ground  coat  at 
1700°  or  1800°  F.  Our  second  coat  and  finish  coat,  being 
of  a  more  readily  fusible  enamel,  we  burn  at  from  1400° 
to  1600°  F. 

It  is  possible  to  burn  the  softer  enamels  in  the  higher 
temperatures,  but  to  do  so  requires  greater  skill  and  much 
closer  attention  on  the  part  of  the  man  who  opei'ates  the 
fork. 

Mr.  Price:  I  hope  that  somebody  that  knows  will 
get  that  physical  and  chemical  property  down,  and  let  us 
have  a  paper  on  it.  I  was  interested  in  the  gauge  of  the 
metal  and  the  factor  resulting  from  tlie  different  gauges. 
I  wonder  if  Mv.  KShaw  can  tell  me  about  that.  You  used 
No.  20  and  we  used  No.  28. 

Mr.  SJiair :  I  liave  usefl  as  high  as  18  gauge  steel. 
They  use  lighter  steel,  but  I  do  not  think  they  use  anything 
as  light  as  No.  28,  though  tliey  use  some  No.  24.  My  ex- 
perience has  been  the  heavier  tlie  gauge  of  the  steel  the 
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hetter  jour  euaiiiel  will  adhere,  as  a  rule. 

Mr.  Price:  Has  the  Austrian  a  better  steel  than  we 
liave? 

Mr.  Shaio :  I  do  not  consider  the  quality  or  composi- 
tion of  the  steel  very  important.  It  is  to  some  extent  a 
factor,  but  I  do  not  think  it  is  a  very  big  one.  Of  course, 
you  can  get  bad  steel.  AVe  received  steel  two  or  three 
weeks  ago  that  developed  blisters  and  you  could  not  use  it 
At  all. 
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BY 

Herford  Hope^  Beavei'  Falls,  Pa. 

Whether  viewing  the  subject  from  a  technical,  or  from 
an  economic  standpoint,  moulds  ^vill  necessarily  claim 
their  share  of  the  attention  of  every  manufacturin«;  potter. 
This  is  due  to  the  fact  that  on  the  one  hand  no  inconsider- 
able part  of  the  workmanship  and  general  technical  excel- 
lence of  the  finished  product  is  dependent  upon  the  moulds 
from  which  it  is  made;  and  on  the  other  hand,  neglect  or 
even  lack  of  close  supervision  over  this  department  will 
always  result  in  direct  linancial  loss.  It  is  as  unreasonable 
to  expect  to  get  true,  straight  Avare  of  uniform  thickness 
and  weight  from  moulds  that  will  not  properly  fit,  or  that 
are  of  uneven  heights  in  the  jigger  rings,  as  it  is  to  expect 
fair  profit  from  a  business  conducted  along  lines  of  method 
as  extravagant  as  those  which  prevail  in  the  mouldsliops 
of  some  of  our  potteries  today. 

And  here  the  writer  wishes  to  protest  against  the  cus- 
tom in  vogue  in  so  many  of  our  clay  shops,  of  throwing 
away  sets  of  moulds  simply  because  the  chief  parts  are 
worn  out,  while  other  parts  of  the  same  set  are,  perhaps, 
only  half  worn.  This  is  more  especially  the  case  with 
pressers'  moulds,  where  handle  moulds  will  do  good  service 
twice  or  three  times  as  long  as  will  the  moulds  for  the  body 
of  the  piece  to  Avhich  they  belong.  This  will  become  evi- 
dent when  figures  are  given  in  specific  cases. 

To  keep  an  accurate  account  of  every  set  of  moulds 
used  in  the  factory  does  not  consume  more  than  one  hour 
each  week,  but  furnishes  a  close  check  on  how  long  they 
last,  and  from  this  data  the  cost  of  the  moulds  is  easily 
obtained.     The  system  in  use  by  tlie  writer  is  as  follows: 

■494 
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For  every  set  of  moulds  brought  into  the  clarshoi),  an  or-iler 
from  the  foreman  is  given  to  the  monldmaker,  stating  tlie 
quantity  of  moulds  required.  At  the  end  of  the  day  these 
orders  are  collected,  and  each  set  of  moulds,  giving  the 
quantity,  together  with  the  date  on  which  they  wave  put 
into  use,  are  entered  in  vertical  columns  in  a  book  provided 
for  the  purpose.  Every  day  the  quantity  of  ware  made 
from  each  set  is  entered  in  its  appropriate  column,  and 
wlien  tlie  set  is  worn  out,  the  total  number  of  dozens  of 
Avare  made  from  it  added,  and  froju  this  data  tlie  quantity 
of  ware  made  from  a  single  mould  is  obtained.  In  a  record 
of  this  kind,  it  is  very  useful  to  make  note  of  the  various 
conditions  that  affect  the  life  of  the  moulds,  such  as  the 
rate  of  drying  and  the  brand  of  plaster  used. 

The  methods  employed  in  the  manufacture  of  pottery 
plaster  have  been  so  well  described  l»y  Ashley  in  Vol.  X, 
p.  77,  that  it  is  not  necessary  to  dwell  upon  them  here, 
though  it  may  be  well  to  recall  the  esential  changes  under- 
gone in  the  partial  dehydration  during  manufacture  and 
the  subsequent  rehydration  upon  mixture  with  water. 
Upon  heating  the  ground  giT^sum  to  about  130°  C,  three- 
quarters  of  the  chemically  combined  water  is  given  off, 
the  original  substance  containing  4  molecules  of  water  to 
every  2  of  calcium  sulphate,  and  the  prepared  plaster  but 
one  molecule  of  water.  Chemically  expressed,  the  dehy- 
dration action  is  as  follows : 

\  CaS04  yHsO  )  i  CaS04  H^O  i 

\  OaS04  2H2O  (  ~^  )  CaS()4  i 

VC]nm  plaster  is  mixed  with  water  it  recoml)ines  and  re- 
crystallizes  to  form  the  original  compound,  gypsum,  with 
4  molecules  of  water  to  every  2  of  calcium  sulphate. 

The  hardness  of  plaster  when  set  depends  on  its  crys- 
talline nature,  and  this  will  be  retained  up  to  the  temper- 
ature at  which  part  of  the  combined  water  (forming  the 
crystals)  is  driven  off,  or,  as  it  is  commonly  expressed,  the 
moulds  are  burnt.  Their  soft  and  crumbling  nature  is 
obviously  the  result  of  loss  of  crystalline  structure. 
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For  purposes  of  classification,  pottery  moulds  may  be 
divided  into  four  classes :  those  used  for  Jiggering,  Cast- 
ing, Pressing,  and  Handle  moulds. 

Jiggered  Moulds. 

(a)  For  Flat  Waie  (plates,  saucers,  etc,)- 

It  is  very  essential  that  these  should  fit  the  jigger 
rings  properly,  be  free  from  all  warping,  and  all  be  of 
exactly  the  same  height  above  the  ring.  The  first  qualifi- 
cation is  perhaps  that  most  frequently  departed  from, 
since  proper  fitting  depends  so  much  upon  the  proper  turn- 
ing up  of  the  rings.  It  is  a  very  grave  mistake  to  fit  a 
mould,  of  which  any  quantity  is  to  be  made,  to  a  jigger 
ring  in  actual  use;  but  every  mouldshop  should  contain  a 
complete  set  of  turned  iron  pattern  rings  corresponding 
with  all  the  sizes  in  use  in  the  pottery.  All  moulds  should 
then  be  fitted  to  these  pattern  rings  which  always  remain 
the  same,  and  the  working  rings  turned  to  fit  the  moulds. 
This  remark  would  appear  superfluous  were  it  not  for  the 
fact  that  the  reverse  of  the  above  method  is  still  the  rule 
in  some  mouldshops. 

Even  with  the  most  careful  fitting  to  pattern  rings, 
however,  moulds  will  occasionally  be  found  to  vary  in  size, 
and  then  the  trouble  is  most  likely  to  be  found  to  lie  with 
the  plaster.  Ashley  (Vol.  X,  p.  89)  has  shown  that  over- 
burned  plaster  sets  very  slowly,  and  this  naturally  results 
in  an  expansion  after  the  moulds  have  left  the  cases. 

The  inevitable  variations  in  blending  will  give  mix- 
ings of  slightly  differing  setting  properties,  and  thus  with 
overburned  plaster  it  is  not  surprising  that  two  moulds 
made  out  of  the  same  case  will  differ  more  or  less  in  size 
and  consequently  in  fitting  the  jigger  ring.  For  this  rea- 
son the  writer  considers  it  very  important  to  avoid  slow- 
setting  plaster  for  making  cases,  as  of  course  a  variation 
there  would  affect  all  the  moulds  made,  even  if  there  were 
no  subsequent  expansion  in  the  latter. 

It  should  be  made  an  invariable  rule  that  before  mak- 
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ing  a  set  of  moulds,  one  out  of  each  case  should  first  be 
taken  and  tested  for  size  and  height  in  a  jigger  ring  under 
a  fixed  gauge,  so  that  if  any  difference  be  found  between 
the  cases,  those  showing  variation  may  be  set  aside.  Each 
of  the  set  of  cases  should  bear  its  own  number  so  that  the 
moulds  may  be  similarly  marked,  and  any  variation  in  the 
same  be  traced  to  their  source  in  the  case. 

All  flat  cases  should  be  bound  with  heavy  hoop-iron, — 
preferably  galvanized — to  prevent  any  enlargement  due  to 
swelling  of  the  moulds.  It  is  sometimes  the  custom  to 
make  block  moulds  a  trifle  loose  for  the  rings  in  which 
they  are  to  run,  in  order  to  allow  for  the  slight  expansion 
of  the  working  moulds;  but  this  should  not  be  done,  as 
there  appears  to  be  a  slight  i« swelling  of  the  cases  when 
they  are  made,  and  this  offsets  the  subsequent  o^i^^swelling 
or  expansion  of  the  working  moulds. 

Variations  in  the  height  of  moulds  above  the  ring — 
resulting  directly  in  a  corresponding  variation  in  the 
thickness  of  the  ware  made  from  them — can  usually  be 
traced  to  leaking  cases,  though  this  should  not  occur  if 
they  are  properly  made. 

It  is  very  important  to  thoroughly  dry  cases  before 
putting  them  into  use,  as  if  used  wet  they  are  liable  to 
warp — more  particularly  the  larger  plate  and  machine 
dish  cases — while  at  the  same  time  care  in  this  direction 
will  save  pinching  off  of  any  fine  embossed  work  and  also 
save  the  face  of  the  case. 

As  regards  the  life  of  this  class  of  moulds,  the  usual 
figures  are  from  8  to  12  dozens  of  ware  to  the  single  mould, 
though  if  the  moulds  are  thoroughly  dried  before  being 
put  into  commission,  the  life  of  these  moulds  should  be 
nearer  the  upper  limit.  One  factor  which  materially  af- 
fects the  question  is  that  of  allowing  the  ware  to  dry  com- 
pletely before  filling  the  moulds  again,  since  the  throwing 
of  bats  on  damp  (and  consequently  soft)  moulds  has  a 
strong  abrasive  tendency.  Again,  the  shape  of  the  moulds 
has  considerable  influence:  those  with  steep  sides  such  as 
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outside   salads,   nai)pies   and   coupe-soups,   being   quickly 

woru  by  the  pressure  due  to  contraction  of  the  ware  in 

drying. 

(h)   For  Hollow  Ware — Single  Moulds. 

This  includes  moulds  for  such  ware  as  cups,  bowls, 
nappies  and  machine  bakers.  As  in  the  case  of  flat  moulds, 
accuracy  of  running  is  essential  to  first  class  workman- 
ship, though  hardly  to  the  same  degree,  since  a  large  pro- 
portion of  this  class  of  ware  is  lathe  turned.  Considerable 
attention  should  be  paid  to  the  height  of  the  mould  al)0Ye 
the  ring  in  relation  to  that  portion  below  it,  since  a  good 
deal  of  trouble  is  often  experienced  by  the  moulds  tipping 
in  the  ring  under  pressure  from  the  jigger  tool.  The  angle 
of  the  natch,  or  part  in  contact  with  the  ring,  Avill  also 
have  considerable  effect.  Much  trouble  in  tlie  fitting  of 
jiggered  moulds  will  be  avoided  if  a  standard  bevel  for  tlie 
natches  of  all  moulds  be  adopted — say  25  degrees  from 
the  perpendicular. 

In  making  cases  for  this  class  of  moulds,  it  is  advis- 
able to  strengthen  the  lower  or  iuimp  part  hj  insertion  of 
a  piece  of  heavy  galvanized  hoop-iron. 

The  life  of  these  moulds  varies  considerably  according 
to  the  methods  by  which  the  Avare  is  to  be  finished;  if  to 
be  sponged,  the  mould  being  figured  or  embossed,  8  to  10 
dozen  to  a  mould  will  be  the  limit;  if  to  be  turned — and 
the  mould  is  not  wearing  too  fast  at  the  shoulder — 15  to 
20  dozen  and  even  higher  may  be  obtained  from  each 
mould.  In  one  instance,  a  set  of  j^lain  inside  baker  moulds 
gave  a  return  of  over  20  dozen  to  a  mould,  and  were  not 
worn  out  even  then.  In  the  case  of  these  machine  bakers, 
the  ware  was  at  first  made  off  of  outside  moulds ;  but  owing 
to  considerable  loss  due  to  cracking  of  the  ware  and  wear- 
ing out  of  the  moulds,  it  was  decided  to  use  inside  moulds. 
Every  advantage  Avas  found  to  be  on  the  side  of  the  latter, 
— not  onl3'  increased  output  and  freedom  from  loss,  but 
the  life  of  the  moulds  was  more  than  doubled.  This  Avas 
naturallv    due    to    tlie    slirinkane    beinii'    awav    from    (lie 
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iiioiilds  ill  the  latter  ease,  reducing  the  abrasive  feature  to 
a  mininiuiii.  In  some  potteries  cup  and  bowl  moulds  are 
greased  under  the  shoulder  Avith  a  heavy  oil  as  a  means  of 
hardening  the  plaster  and  preventing  abrasion  by  the  jig- 
ger ring. 
(c)  For  Hollow  Ware — Three  and  Four  Part  Moulds. 

Reference  is  made  particularly  to  those  moulds  used 
for  making  jugs,  sugars,  etc.,  though  the  same  remarks 
hold  true  of  those  for  the  larger  ware,  such  as  ewers  and 
slop  jars. 

These  moulds,  being  very  expensive,  demand  careful 
consideration  as  regards  their  efficiency  and  wearing  qual- 
ities. The  variation  in  wear  is  chiefly  due  to  their  shape 
and  the  style  of  their  embossed  work,  if  any  exists.  Gener- 
ally speaking,  a  low  bulging  shape  will  wear  out  very 
much  more  quickly  than  a  comparatively  straight  one, 
owing  to  the  fact  that  in  drying  the  ware  rests  on  the 
lower  part  of  the  side  of  the  mould  in  the  first  case,  while 
the  weight  is  almost  entirely  on  the  bottom  in  the  second. 
While  the  one  would  not  run  over  8  or  10  dozen  to  the 
mould — hardly  as  much  if  light  embossed  work  were  pres- 
ent— the  other  might  show  a  result  of  14  or  16  to  the 
mould. 

Tn  making  this  class  of  moulds  it  is  important  to 
remove  the  sides  from  the  cases  as  soon  as  possible  to  avoid 
binding  on,  and  warping  of  the  cases.  An  excellent  plan 
— the  writer  is  indebted  to  Mr.  R.  J.  Meakin  for  the  sug- 
gestion— is  to  make  the  top  cover  of  the  case  divided,  thus 
allowing  the  expansive  force  of  the  setting  plaster  to  be 
exerted  upwards  as  well  as  sideways,  and  almost  entirely 
obviating  the  necessity  of  scraping  the  sides  of  the  mould 
to  make  them  fit  in  the  shell  or  frame.  The  same  principle 
may  be  applied,  and  with  even  greater  benefit,  to  the  larg- 
er liollow  ware  moulds  such  as  ewers,  cabinets,  etc. 

Cast  Moulds. 
There  are  probably  several  reasons  why  the  process  of 
casting  has  not  found  more  general  favor  among  the  pot- 
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ters  of  this  country,  but  none  is  more  obvious  than  the 
rapid  destruction  of  the  moulds  which  takes  place  under 
the  methods  at  j^resent  in  use.  In  the  majority  of  cases,  4, 
or  at  most  5  dozen  of  ware  are  all  that  can  be  obtained 
from  each  mould,  and  since  the  latter  are  of  the  most  ex- 
pensive type,  it  is  evident  that  here  the  cost  of  moulds 
enters  into  the  total  cost  of  production  as  quite  a  large 
item.  Various  salts,  particularly  bicarbonate  of  soda, 
which  are  frequently  used  in  this  process,  undoubtedly 
tend  to  hasten  the  wearing  out  of  the  moulds,  and  on  those 
grounds  their  use  should  not  be  permitted. 

When  articles  such  as  creams  and  small  jugs  are  cast 
two  or  three  in  a  mould,  it  is  very  essential  that  the  sides 
of  the  mould  should  fit  together  perfectly  to  avoid  all 
leakage.  In  this  connection  may  be  suggested  the  inser- 
tion of  a  piece  of  iron  in  the  cases  to  prevent  possible 
warping;  and  the  taking  off  of  the  moulds  from  the  case 
as  soon  as  possible  to  avoid  binding  and  consequent  pinch- 
ing off  of  corners. 

Pressed  Moulds. 

Owing  in  a  large  measure,  no  doubt,  to  the  greater 
care  with  which  pressers'  moulds  are  used,  they  show  more 
satisfactory  figures  as  regards  wear  than  any  yet  consid- 
ered. From  15  to  20  or  even  25  dozen  of  Avare  to  the  single 
mould  are  often  obtained  from  them,  though  it  most  fre- 
quently happens  that  some  parts  of  the  same  set  last 
longer  than  others.  Thus  in  the  case  of  pressed  jugs,  one- 
half  dozen  of  bottoms  will  usually  wear  out  one  and  one- 
half  dozen  body  moulds,  and  the  same  is  to  even  a  greater 
extent  true  of  the  handle  moulds,  though  these  latter  will 
be  discussed  more  fully  under  another  head. 

The  writer  is  a  strong  advocate  of  using  natches  of 
other  material  than  plaster  (clay  or  metal)  in  the  sides  of 
pressed  moulds  as  well  as  in  all  handles,  providefl  that — 
in  the  first  case  at  least — the  natches  be  sufficiently  large 
that  no  trouble  will  be  experienced  in  fitting  the  sides  to- 
aether. 
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Handle  Moulds. 

AVliile  this  division  includes  all  handle,  knob,  bow,  and 
similar  moulds,  cup  handles  will  be  treated  of  particularly, 
since  thev  form  the  largest  part,  observations  relating  to 
them  being,  as  a  rule,  applicable  to  the  other  kinds  also. 

From  a  large  number  of  sets,  the  life  of  cup  handle 
moulds  was  found  to  vary  between  60  and  80  dozen  to  the 
single  mould,  though  in  one  or  two  cases,  an  even  higher 
figure  was  reached. 

The  use  of  natches  of  other  material  than  i^laster  has 
come  into  such  general  practice  that  it  is  unnecessary  to 
insist  upon  their  advantages,  though  there  is  still  consid- 
erable doubt  as  what  form  of  imtch  shall  be  used  and  of 
what  material  they  shall  be  made.  Glass,  brass,  or  porce- 
lain may  be  used,  though  in  the  opinion  of  the  writer  the 
last  is  far  preferable  if  properly  made.  The  body  em- 
ployed should  be  very  hard  when  vitrified  even  though  this 
qualification  may  entail  slight  brittleness,  and  the  natches 
should  be  pressed  from  wet  clay  to  secure  *maxi mum  den- 
sity. When  dry,  and  before  firing,  the  two  parts  should  be 
fitted  to  each  other  by  rubbing,  but  they  should  be  fired 
separately,  the  hollows  to  a  higher  temperature  than  the 
humps.  This  will  secure  a  fairly  accurate  fit.  A  mixture 
which  has  given  good  satisfaction  consists  of  60%  feldspar 
and  40%  China  clay. 

Greater  accuracy  in  fitting  will  be  obtalnerl  from  dust- 
pressed  natches,  though  those  made  by  this  method  wall  be 
far  softer  and  more  easily  worn  than  the  others.  Glass  is 
better  than  porcelain  so  far  as  abrasion  is  concerned. 
Brass  natches,  frequently  connected  by  a  frame  fitting 
around  the  outside  of  the  handle  moulds,  are  used  to  a 
considerable  extent,  and  aside  from  their  initial  cost, 
which  is  heavy,  are  quite  satisfactory. 

In  the  case  of  large  block  handle  moulds  where  the 
superfluous  clay  is  forced  into  a  richot  or  spare  in  the 
center  of  the  handle  itself,  it  will  be  found  of  advantage  to 
place  a  hole  in  the  center  of  this  spare,  thus  allowing  the 
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clay  a  means  of  escape.  This  relieves  the  pressui-c  and 
enables  the  sides  of  the  moulds  to  be  brought  closer  to- 
gether. The  hole  should  be  of  sufficient  size  so  that  it  will 
not  get  stopped  up  with  clay. 

Handle  moulds  made  of  clay  and  tired  at  oi'dinary 
biscuit  heat  have  been  used,  and  will  wear  far  longer  than 
plaster,  though  the  writer  has  had  but  slight  experience 
along  that  line.  One  or  two  such  monlds  gave  fair  satis- 
faction, although  the  ware  did  not  deliver  quite  as  readily 
as  from  plaster,  owing,  no  doubt,  to  the  moulds  in  question 
being  insufficiently  porous.  The  warping  due  to  shrinkage 
is  one  of  the  serious  difficulties  connected  Avith  their  manu- 
facture; but  by  use  of  a  suitable  mixture,  the  shrinkage 
may  be  obviated  and  maximum  porosity  obtained.  Such  a 
body  may  be  obtained  by  the  use  of  10  or  15%  of  strontium 
carbonate. 

General  Remarks  on  the  Wearing  Out  of  Moulds. 

In  the  case  of  tlat  jiggered  moulds  the  wear*  on  the  face 
is  due  first  to  the  friction  of  throwing  on  bats,  particularly 
Avhen  the  moulds  are  still  damp,  and  secondly  to  friction 
due  to  shrinkage  in  drying,  this  class  of  ware  usually  being 
allowed  to  dry  completely  on  the  moulds.  The  wear  of 
inside  moulds  such  as  cups,  bowls,  etc.,  from  which  the 
Avare  is  taken  out  soft,  and  where  the  slight  shrinkage  is 
away  from  the  mould,  is  due  to  pressure,  and  this  is  also 
true  of  pressed  moulds  including  handles.  The  solvent 
action  of  water  which  constitutes  the  chief  part  of  casting 
slip  is  entirely  responsible  for  the  rapid  destruction  of 
moulds  used  in  this  process,  pressure  and  friction  being- 
eliminated. 

It  is  obvious,  therefore,  that  in  trying  to  preserve  the 
moulds,  two  distinct  remedial  measures  must  be  taken,  one 
in  the  direction  of  giving  greater  resistance  to  friction, 
and  the  other  looking  to  the  formation  of  an  insoluble 
plaster.  Plaster  may  be  rendered  very  liard  by  the  addi- 
tion of  flour,  dextrine,  or  other  substances,  l)ut  whut  few 
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experiments  the  writer  has  made  along  this  line  indicate 
that  these  tend  to  impair  the  indispensible  qualit}^  of  ab- 
sorption. 

An  attempt  was  also  made  in  the  other  direction — 
that  of  rendering-  the  plaster  insoluble — and  this  was  done 
by  the  action  of  barium  chloride.  An  insoluble  fibn  of 
barium  sulphate  formed  over  the  surface,  but  it  appeared 
soft,  and  was  in  fact  a  precipitate  witli  no  crystalline 
structure  to  give  it  the  necessary  stability.  However,  it 
would  seem  quite  possible  that  an  insoluble  plaster  might 
be  prepared  in  some  such  manner. 


NOTES  ON  THE  PREHEATING  TREATMENT 
OF  CLAYS. 

BY 

A.  V.  Bleininger/  Pittsburg,  Pa. 

In  the  coutiuuatiou  of  furtlier  work  on  the  preheating 
of  clays  it  was  tlionght  advisable  to  make  an  attempt  to 
trace  the  effect  of  this  treatment  npon  the  structure  of  the 
clays.  The  results  of  this  work  are  summarized  in  this 
paper,  and  additional  information  of  some  practical  bear- 
ing is  brought  out. 

The  prol)lem  was  attacked  by  the  following  methods: 

1.  Determination  of  the  specific  gravity  of  the  dried 
and  powdered  clays. 

2.  Mechanical  analyses  of  the  normal  and  of  the  pre- 
heated clays. 

3.  Determination  of  the  adsorbing  power  of  normal 
and  of  preheated  clays  for  malachite  green  solution. 

4.  Determination  of  the  distribution  of  shrinkage 
and  pore  water. 

Specific  Gravity. 

The  results  of  the  specific  gravity  determinations 
made  on  fourteen  clays  are  given  in  table  I.  In  this  work 
it  was  found  that  although  the  determinations  were  made 
with  the  greatest  care  a  certain  irregularity  was  observed 
due  to  the  great  difficulty  in  ol)taining  uniform  samples. 
There  is  probably  no  class  of  substances  which  shows  such 
a  great  diversity  in  structure  and  composition  as  clays, 
and  it  was  found  that  even  in  samples  froni  the  same  lump, 
thoroughly  kneaded  and  worked,  decided  differences  in 
densitv  were  observed. 


*  By  permission  of  the  Director,  L.  S.   Geolog-ical   Surve; 
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TABLE    I. 
Specific  Gravity  of  Clays. 


No.  Clay 

Normal 

150° 

200° 

250° 

300° 

550° 

400° 

1 

2.451 
2.537 

2.577 
2.596 
2.560 
2.510 
2.510 
2.603 
2.784 
2.476 
2.575 
2.680 
2.768 
2.645 

2.456 
2.548 
2.591 
2.589 
2.560 
2.512 
2.490 
2.621 
2.741 
2.560 
2.587 
2.707 
2.739 
2.666 

2.630 
2.636 
2.600 
2.646 
2.550 
2.562 
2.648 
2.653 
2.728 
2.605 
2.649 
2.709 
2.701 
2.684 

2.603 
2.612 
2.600 
2.629 
2.605 
2.545 
2.638 
2.650 
2.725 
2.639 
2.650 
2.729 
2.761 
2.712 

2.603 
2.609 
2.590 
2.629 
2.600 
2.556 
2.627 
2.655 
2.721 
2.638 
2.645 
2.769 
2.820 
2.662 

2.657 
2.644 
2.593 
2.664 
2.600 
2.580 
2.653 
2.692 
2.747 
2.637 
2.676 
2.732 
2.825 
2.743 

2.621 

2 

2.647 

3 

2.590 

4 

2.664 

5 

2.600 

6 

2.573 

7 

2.665 

8 

2.696 

9 

2.751 

10 

2.644 

11 

2.697 

12 

2.696 

13 

2.773 

14 

2.708 

However,  taking  into  account  this  irregularity,  all  but 
one  clay  show  a  noticeable  increase  in  specific  gravity  due 
to  preheating,  which  must  be  ascribed  to  the  expulsion  of 
the  small  quantity  of  water  held  so  persistently,  and  in 
part  to  a  condensation  in  the  volume  of  the  clay.  Since  it 
is  not  likely  that  the  crystalline  matter  has  suifered  any 
such  change  at  the  temperatures  involved,  we  must  con- 
clude that  the  effect  is  confined  to  the  non-granular  clay 
substance.  The  contraction  in  volume  might  be  explained 
by  the  closing  up  or  shrinkage  of  the  assumed  colloidal 
matter,  very  similar  to  the  contraction  of  the  silicic  acid 
gel  and  other  materials  of  like  character. 


Mechanical  Analysis. 

In  determining  the  changes  brought  about  by  preheat- 
ing as  regards  the  fineness  of  grain,  four  samples  of  clay 
were  prepared  by  thoroughly  mixing  them  and  dividing- 
each  portion  into  two  parts.  One  half  was  preheated  and 
then  put  through  the  Schultz  apparatus,  the  other  was  run 
through  in  the  normal  condition.  The  results  are  com- 
piled in  table  II.  In  carrying  out  this  work  it  became  at 
once  evident  that  the  preheated  clays  showed  an  extraor- 
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diuary  tciideiicY  to  form  agj.>regate  particles,  in  si)ite  of  the 
fact  that  they  were  first  mechanically  shaken  in  water  and 
apparently  defiocculated  by  the  nse  of  NaOH  and  Na.2Co04 
solntions.  These  particles  were  found  to  be  so  hard  that 
they  could  not  be  worked  through  the  sieves  by  simple 
rubbing.  The  results  show  that  for  this  reason  the  clays 
have  become  decidecllj^  coarser,  the  surface  factor  has  been 
decreased.  This  applies  not  only  to  the  sieve  sizes  but  also 
to  the  sizes  separated  by  the  first  two  cans.  The  difference 
between  the  normal  and  the  preheated  clays,  therefore,  is 
due  to  coagulation,  the  material  has  become  "set,"  to  use 
the  language  of  the  colloid  investigators,  and  irreversible 
as  far  as  practical  purposes  are  concerned. 

TABLE  11. 

MECHANICAL  ANALYSIS. 

Normal  and  Preheated  Clays. 


Left  on  Sieves,  Wesh 

CANS 

40 

60 

80 

100 

i:o           1 

2                 3 

i 

G 
A 

S 
H 

N 

N 
i  i>° 

N 
300° 

N 
300° 

0.84%, 
4.04% 

1.96% 

4.56% 

i.n% 

9.54% 
0.30% 
3.71% 

1.77% 
5.76% 
1.80% 
2.667c 
1.37% 
9.28% 
0.40% 
2.77% 

1.33% 

2.42% 
1 .  50% 
1.96% 
0.58% 
3.26% 
0.34% 
0.71% 

3.78% 
7.08% 
3.37%, 
1.33% 
0.70% 
2.20% 
0.50% 
1.99% 

0.20% 
0.39% 
0.16% 
0.22% 
0.15% 
5.10% 
0.08% 
0.33% 

8.02% 
16.90% 
4.07% 
5.47% 
2.79% 
5 .  74% 
0.83% 
3.29% 

15.12% 

16.28% 
4.45% 
8.38% 
26.56% 
37.25% 
3.84% 
5.57% 

2.21% 

3.00% 
2.32% 
5.01% 
5.07% 
4.39% 
6.18% 
4.44%o 

66.72% 
44.13u^ 
80.37% 
70.400^ 
61.660^ 
28. 2.''.  0^ 
87.52% 
77.170^ 

(G)  Alluvial  clay,  Groveport,  Ohio.  (A)  Impure  No.  2  fire  clay, 
Athens,  Ohio.  (S)  .Joint  clay,  Urbana,  Illinois.  (H)  Glacial  clay. 
Heron  Lake,  Minn. 


Malachite  Green  Adsorption. 

Determinations  were  made  on  live  samples  in  the  nor- 
mal and  preheated  condition.  The  work  was  done  by  Mr. 
H.  E.  Ashley.  One  gram  of  clay  was  thoroughly  shaken  in 
100  cc.  of  malachite  green  solution,  three  grams  per  liter, 
and  the  amount  of  dye  remaining  in  solution  determined 
bv  the  coloi'i metric  method.     The  results  of  these  tests  are 
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presented  in  table  III,  and  tlie  values  express  the  relative 
the  adsorj)tion  of  inalachite  green  by  the  Tennessee  No.  .3 
ball  olaj.  Thus,  the  adsorption  of  the  ball  clay  would  be 
represented  by  100.  A  clay  giving  the  value  of  300  would 
show  three  times  the  colloidal  content  of  the  standard 
material. 

TABT.E  III. 


C  L  A  V 

Extremely  iticky 
Surface  Cla>, 
Albert  Lea. 
Minn. 

Joint  Clay 
I'rbana 
Illinois 

9s 

Alluvial  Clay. 
Groveport. 
Ohio 

Impute  No.  2 
I'ire  Clay. 
Athens,  Ohio 

Normal  

1 

600 

142 

175 

104 

160 

1 

Preheated  at  250° 

C. 

475 

137 

150 

106 

140 

A  glance  at  these  figures  shows  that,  although 
in  four  out  of  the  five  cases  the  adsorption  has  Ix^cn  de- 
creased, the  difference  is  not  proportional  to  the  difference 
in  the  physical  behavior  of  the  clays.  It  is  e^  ident  there- 
fore that,  excepting  the  Minnesota  clay,  no  decided  change 
in  the  structure  is  indicated  by  this  test.  It  Avould  seem 
then  that  the  "set"  gel  has  about  the  same  adsorption  as 
the  "reversible"  gel.  Hence,  the  adsorption  of  malachite 
green  from  its  solution  does  not  appear  to  be  any  measure 
of  plasticity  as  far  as  these  clays  are  concerned. 

In  making  up  preheated  clays  with  water,  it  was  ob- 
served that  some  heat  was  given  off.  It  was  thought  to  be 
interesting  to  determine  approximately  the  amount  of  this 
heat  and  at  the  same  time  to  compare  it  with  the  heat 
evolved  by  the  same  clay  dried  at  105-(\  Thus,  a  sample 
of  red  surface  clay  was  divided  into  two  parts.  One  was 
dried  at  105°,  the  other  was  preheated  at  300 "0.  By  plac- 
ing the  weighed  amounts  of  clay  into  a  co])per  receptacle 
covered  with  fell,  adding  a  known  amount  of  water  and 
noting  the  temperature  rise  by  means  of  a  delicate  ther- 
mometer, it  was  found,  after  makinu'  the  necessarv  calcula- 
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tious  and  corrections,  that  the  clay  dried  at  105° C,  gave  off 
practically  four  gram  calories  and  the  preheated  clay  five 
calories  per  gram. 

Distribution  of  Shrinkage  and  Pore  Water. 

It  was  observed  in  the  course  of  the  experiments  that 
the  ratio  of  shrinkage  to  pore  water  in  the  various  pre- 
heated clays  did  not  remain  constant.  The  amount  of  pore 
water  increased  at  the  expense  of  the  shrinkage  water. 
However,  as  the  total  water  of  plasticity  does  not  decrease 
proportionally  to  the  decrease  in  volume  shrinkage,  this 
difference  is  emphasized  more  strongly.  This  is  illustrated 
by  the  results  calculated  for  four  clays.  In  these  calcula- 
tions the  water  of  plasticity  as  well  as  the  shrinkage  and 
pore  water  are  expressed  in  terms  of  the  true  clay  volume. 
Thus  the  shrinkage  water  was  calculated  from  the  relation : 

%  volume  of  shrinkage  water  ^=     ^- ^    100, 

w 

where  v^  =  volume  of  wet  brickette, 

V2^  volume  of  dry  brickette, 

w  =  Aveight  of  dry  brickette. 

d  =  specific  gravity  of  the  dried  and  powdered  clay. 

In  expressing  the  volumes  in  terms  of  the  real  clay 
volume,  they  become  more  comparable. 
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TABLE  IV. 


'^ic  by  Tolume  in  terms  of  true  clay  ralume 


Alluvial 

Clay, 

Groveport, 

Ohio. 

Clay  No.  12 


Total  water  .... 
Shrinkage  water. 
Pore  water 


87.20 
51.09 
36.11 


80.52 
45.49 
35.03 


71.11 
37.61 
33.50 


73.00 
39.22 
33.78 


72.60 
21.70 
50.90 


74.60 
19.66 
54.94 


70 .  80 
15.98 
54.82 


Glacial 

Surface 

Clay, 

Heron  Lake, 

Minn. 
Clay  No.  13 


Total  water  . . . . 
Shrinkage  water. 
Pore  water 


95.20 
42.65 
52.55 


90.00 
41.80 
48.20 


92.60 
38.92 
53.68 


90.70 
35.37 
55.33 


84.30 
28.27 
56.03 


97.10 
31.17 
65.93 


84.40 
20.35 
64.05 


Impure 

No.  2  Fire 

Clay, 

Athens, 

Ohio. 

Clay  No.  14 


Total  water  .... 
Shrinkage  water. 
Pore  water 


72.19 
49.05 
23.14 


78.06 
47.55 
30.51 


73.17 
47.43 

25.74 


70.33 
43.23 
27.10 


75.78171.60 
41. 06138.96 
33.82:32.64 


The  results  are  compiled  in  table  IV.     Tliey  are  pre- 
sented graphically  in  Figs.  1,  2  and  3.    Referring  to  Fig.  1, 
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it  is  observed  that  with  tliis  chiy,  an  alluvial  surface  elav, 
a  marked  increase  in  the  amount  of  pore  water  is  shown 
between  250  and  300°,  and  it  is  quite  evident  that  the  clay 
approaches  the  condition  of  an  inert  material.  The  two 
cvirves  must  meet  at  some  hii>;her  temperature  when  the 
clay  will  have  lost  its  plasticity.  This  increase  in  pore 
space  brings  out  the  interesting  fact  that  the  preheated 
clay  will  result  in  more  porous  ware  after  drying.  From 
this  it  follows  that  it  is  entirely  possible  to  preheat  a  clay 
to  excess,  not  only  as  regards  the  working  quality  but  also 
with  respect  to  the  resulting  high  porosity.  In  burning, 
the  pore  space  is  closed  up  more  or  less  according  to  the 
degree  of  vitrification.  In  completely  vitrified  products 
the  burning  shrinkage  is  thus  bound  to  approach  the  vol- 
ume of  the  pore  space  in  the  drj^  ware.  Preheated  clays  in 
some  cases,  therefore,  would  show  an  excessive  burning 
shrinkage,  which  would  put  a  more  or  less  severe  strain 
upon  the  structure  and  might  cause  cracking  or  ciiecking. 
It  is  hence  important  to  carry  on  the  preheating  treatment 
at  as  loAV  a  temperature  as  will  overcome  the  drying  diffi- 
culty or  the  undesirable  stickiness  which  the  clay  may 
possess.  From  the  work  done  along  these  lines  it  is  evi- 
dent that  clays  differ  widely  as  to  their  increase  in  pore 
water  on  i^reheating.  In  some  this  increase  is  gradual  and 
in  others  abrupt,  resulting  at  a  certain  temperature  in 
excessive  porosity.  The  safest  clays  would  probably  be 
those  for  which  the  shrinkage-temi»eratnre  curve  shows  the 
most  gradual  slope. 

This  leads  to  the  (piestion  of  the  amount  of  water  used 
in  making  up  the  clay.  Xatnrally  the  more  water  is  used 
the  greater  is  the  shrinkage  bound  to  be  as  well  as  the  final 
porosity  in  the  dry  state.  If  now  a  preheated  clay  is  made 
up  to  the  consistency  of  the  so-called  "slop"  mold  bricks 
with  a  large  amount  of  water,  the  question  arises  whether 
or  not  the  permissible  limit  of  pore  water  might  not  be 
reached,  so  that,  owing  to  the  great(M'  distance  between  the 
particles,  the  cohesive  force  would  not  suffice  to  hold  the 
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oil 


mass  together.  This  point  was  studied  by  takiui*-  two  sur- 
face clays  preheated  to  250=  C,  which  proved  to^vork  sat- 
isfactorily iu  the  stiff  plastic  couditiou,  and  making  them 
up  in  the  regular  wooden  slop  mold  to  the  most  suitable 
consistency.  It  was  found  that  the  bricks  showed  a  ten- 
dency to  "slump,''  indicating  that  the  cohesion  of  the  clays 
in  this  state  was  not  sufficient  to  hold  them  up.  They  also 
cracked  in  drying,  since  they  did  not  possess  sufficient 
strength  to  withstand  the  strains  caused  by  the  larger  dry- 
ing shrinkage  coincident  with  the  large  amount  oif  water. 
On  the  other  hand,  the  same  clays  behaved  well  in  l)eing 
made  up  by  the  dry -press  process. 

The  clay  represented  by  Fig.  2,  an  impure  No.  2  fire 
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clay,  of  excessive  plasticity,  showed  likewise  a  constant 
increase  m  the  amount  of  pore  water,  but  the  chnn-e 
appears  to  be  gradual.  This  may  possiblv  be  due  to  the 
more  homogeneous  character  of  this  material.  The  shrink- 
nge  water  retained  by  this  clay  at  400°  still  constitutes  a 
large  amount  of  flio  total  water,  thus  indicating  that  ti.e 
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residual  plasticity  is  still  coiisi(leral)le.     This  cla}'  should 
be  a  safe  material  for  preheating  purposes. 

In  Fig.  3,  the  material  is  a  surface  clay  of  glacial 
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origin,  and  shows  a  sudden  decreased  in  shrinkage  water 
]>etween  300-350°  C,  and  a  low  amount  of  shrinkage  water 
at  the  highest  temperature.  For  the  best  results  the  pre- 
heating temperature  in  this  case  should  not  exceed  300° C. 
From  tliese  illustrations  it  appears  that  the  proper 
preheating  temperature  varies  for  different  clays,  and  that 
it  is  important  to  carry  on  this  drying  at  a  temperature 
below  the  critical  point  indicated  with  some  materials  by  a 
sudden  decrease  in  the  shrinkage  water.  This  caution  is 
not  due  to  any  possible  difficulty  in  drying  but  to  the 
danger  of  cracking  in  burning.  A  friend  of  the  writer,  on 
carrying  on  preheating  tests  on  a  large  scale,  found  it  ne- 
cessary to  carry  the  temperature  up  to  400°  C.  when  he 
overcame  the  working  difficulty  of  the  material  success- 
fully. This  sliows  the  great  variations  in  tlie  behavior  of 
different  clavs. 
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Drying  Tests. 

Six  excessiyelY  plastic  clavs,  preheated  to  250°  C, 
were  made  up  to  stiff  clay  consistency  and  pressed  on  a 
full  size  auger  machine  through  a  dry  die  into  cylinders 
31/2  inches  in  diameter  Ayhich  were  cut  into  discs  l^/o  inches 
thick.  It  was  found  that  two  of  the  clays  worked  better 
than  in  the  normal  state  while  four  proyed  to  be  weaker 
and  showed  the  need  of  lubrication,  which  it  was  impos- 
silble  to  proyide.  It  was  e\ident  that  they  were  forced 
through  the  die  under  conditions  of  strain.  Howeyer,  no 
cracking  took  place  in  drying  in  spite  of  this  and  pro- 
nounced auger  lamination.  In  burning  the  discs  it  was 
found  that  the  loss  due  to  cracking  was  fairly  high,  though 
close  inspection  seemed  to  indicate  that  lack  of  lubrication 
was  responsible  for  the  difficulty.  It  was  also  noticed  that 
two  of  the  preheated  clays  showed  a  noticeable  increase  in 
the  tendency  to  efflorescence  on  the  surface. 

Conclusions. 

1.  Preheating  seems  to  conyert  part  of  the  plastic 
clay  substance  to  the  irreyersible  modification  analogous 
to  the  "set"  gels  of  colloidal  chemistry.  Such  clays  dry 
more  easily,  due  principally  to  increased  porosity. 

2.  The  preheating  should  be  carried  on  at  as  low  a 
temperature  as  possible,  only  high  enough  to  oyercome  the 
drying  difficulty.  High  temperatures  with  some  clays  re- 
sult in  excessiye  pore  space  which  may  giye  rise  to  diffi- 
culties in  burning  due  to  cracking.  It  is  quite  likely  that 
some  clays  cannot  be  preheated  at  all,  owing  to  the  short 
temperature  range  within  which  the  change  takes  place. 
It  is  impossible  to  giye  general  rules;  each  clay  must  be 
studied  by  itself.  Temperature-shrinkage  curyes  as  used 
in  this  and  the  preyious  paper  are  lielpful  in  indicating  the 
behavior  of  a  clay. 

3.  Most  clays  seem  to  require  more  careful  lubrica- 
tion  in    the   prelieated    than   in    the   normal    state.      The 
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amount  of  temperiug  water  should  be  kept  as  low  as  pos- 
sible. 

4.  There  seems  to  be  a  teudency  on  the  part  of  the 
preheated  clay  to  release  its  soluble  salts  more  easily  than 
normal  clay;  this  would  indicate  a  gi'eater  tendency  to 
show  dryer  efflorescence. 

DISCUSSION. 

Mr.  Frink:  Sewer  pipe  pops  at  200"  C.  Will  pre- 
heating- overcome  this? 

.1/r.  Bh'ininger:     No,  I  do  not  think  so. 

Mr.  Lovejoij:  Will  preheating  cause  clays  to  lami- 
nate? 

Mr.  Blcininger:     I  do  not  think  so. 

Mr.  Coulter:  Does  preheating  increase  fire  shrink- 
age? 

Mr.  Bleininger:     Yes. 

Mr.  Coulter:     What  stage? 

Mr.  Bleininger:     During  vitrification. 

Mr.  Hies:  Will  preheated  clays  return  to  the  origi- 
nal condition  if  exposed  to  weather? 

Mr.  Bleininger :    I  do  not  know  but  it  seems  probable. 

Mr.  Ries:     How  long  do  you  preheat  the  clays? 

Mr.  Bleininger:  From  3  to  5  hours,  according  to  tlie 
amount. 

Mr.  Yates  :     Did  you  work  on  raw  or  weathered  clay? 

il/r.  Bleininger:     All  were  raw  siu'face  clays. 

Mr.  Yates:  The  degTee  of  granulation  in  clays  de- 
pends to  a  considerable  extent  upon  the  amount  of  weath- 
ering. You  can  regulate  drying  troubles  by  mixing  weath- 
ered and  unweathered  portions  of  the  clay.  Weathering 
increases  the  plasticity  of  the  clay.  In  such  a  mixture,  I 
would  consider  the  unweathered  portion  as  forming  the 
body  of  the  clay,  and  the  weathered  or  plastic  portion  as 
the  bond.  Now  if  you  have  no  l)(»dy,  and  all  bond,  you  will 
have  drving  trouldes. 
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Air,  StaJey:  Is  high  surface  tension  due  to  colh)ids 
or  adsorbed  salts? 

Mr.  Bleiiiiiif/cr:     I  do  not  know. 

Mr.  Lovejoij:  If  five  liours  is  re(|uii'ed  to  preheat  a 
clay,  do  you  consider  this  treatment  practical? 

Mr.  BJ(ii)in(jfr:  Time  is  not  necessarily  a  factoi',  ex- 
cept that  ne«(^ssai-ily  consume<l  to  get  the  heat  through  the 
clay. 

Mr.  Low  jo//:  AVill  pre-grinding  and  use  of  a  rotary 
dryer  he  necessary  in  order  to  lessen  the  time  factor? 

Mr.  Bleininger:  Regrinding  would  I'educe  the  time 
required,  and  the  rotary  dryer  appears  to  be  tlie  most  suit- 
able apparatus  for  the  purpose. 

Mr.  Richardson:  Have  you  experimented  witli  a  ro- 
tary dryer  in  this  connection? 

Mr.  Bleiuinger:     No. 

Mr.  Hies:  Do  all  glacial  clays  behave  in  the  preheat- 
ing treatment  as  would  weathered  shale? 

Mr.  Bleininger:     I  do  not  know. 

Mr.  Hies:  In  the  case  of  the  unconsididated  surface 
clays,  do  you  have  to  make  any  distinction  between  the 
portions  at  various  depths  from  the  surface? 

Mr.  Bleininger:  Just  below  the  tilled  soil  in  some 
parts  of  Illinois  there  is  a  foot  or  two  of  clay  that  can  be 
worked  as  it  now  is.  Below  this  workable  strata  there  is  a 
joint  clay  that  cannot  be  manufactured  into  bricks,  and 
which  would  have  to  be  preheated  l)efore  using.  I  take  this 
difference  in  working  properties  of  this  clay  at  the  differ- 
ent depths  as  being  due  to  freezing  and  thawing.  This 
lower  joint  clay  can  be  used  if  it  is  plowed  and  subjected 
to  one  winter's  freezing  and  thawing. 

Mr.  Ries :  Have  you  tested  the  tensile  strength  be- 
fore and  after  heating? 

Mr.  Bleiniiigrr:     No. 

Mr.  Ph(f<h  :  liath  tubs  made  from  clay  that  has  been 
delivered  to  the  blungers  in  a  frozen  condition  will  invar- 
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iablj  crack.     If  this  clay  is  groiiud  in  a  wet  pan,  the  bath 
tub  will  not  crack  so  badly. 

Mr.  Yates :  If  you  suddenly  thaw  frozen  clay,  you 
disintegrate  the  particles  and  therefore  get  trouble  in 
drying.  To  overcome  this  you  will  have  to  open  up  the 
body,  as  for  instance  by  the  use  of  grog*. 
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CHROMIUM  -  TIN  -  PINKS.  ^ 

BY  ^ 

A.  S.  Rea. 

The  work  pursued  in  this  thesis  was  a  eoutinuation 
of  the  investigation  b}'  Purely  and  Brown  on  Chromium 
Tin  Pinks. ^  The  object  of  their  experiments  was  to  deter- 
mine the  permissible  variation  in  composition  of  the 
stains,  and  also  to  determine  tlie  effects  produced  by  add- 
ing chromium  in  the  three  forms. 

1.  Chromic  Oxide    Ci'oOs 

2.  Lead    Chromate    PbCrOi 

3.  Potassium  Bichromate   KoCrsOj 

None  of  the  stains  used  by  them  were  washed  free  of 
the  soluble  material.  Inasmuch  as  it  was  not  known 
whether  the  soluble  salts  affected  the  color  or  were  injur- 
ious ,it  was  determined  to  wash  and  recalcine  these  same 
stains.    The  object  of  this  thesis  was,  therefore, 

(1)  To  determine  the  percent  loss  on  washing  and 
recaleining  the  ehrome-tin-pink  stains  used  by  Purdy  and 
Brown, 

(2)  To  determine  the  effect  of  this  treatment  on  the 
resulting  stain  and  glaze  colors. 

It  was  not  considered  necessary  to  employ  their  entire 
series,  180  stains,  to  demonstrate  tiie  effect  of  washing  and 
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recak-iiiation,  so  it  was  decided  to  select  only  every  other 
one  or  the  even  nnmbers  only,  making  a  total  of  90  stains 
to  be  treated. 

The  following  table  gives  the  molecular  compositions 
and  the  nnmbers  of  the  stains  used: 

Table  of  nnnd)ers  of  tlie  stains  having  equivalent  con- 
tent of  ( 'r^O.j  and  CaO,  as  shown : 


■.  a  eiit  ' 

f  Cr 

-O;, 

Fquivalents 

OF 

CaO 

B  0 

2.5 

1 

2  U 

1   5 

1  0 

0  5 

.iiOo 

2 

12 

22 

32 

42 

52 

.02  4  14  24  I  34  44  !  54 

.05  1  6  !  16  I  26  I  36  !  46  I  56 

,10  1  8  i  18  ;  28  I  38  1  48  i  58 

.15  I  10  i  20  i  30  I  40  I  50  i  60 


Constituents  common  to  all  stains. 


(rroup  A. 
Group  B. 
(xroup  C. 


mate. 


1  E(]uiv.  IJ^nOs 

1  Equiv.  SiOo" 
Cr2().-,  introduced  as  chromic  oxide. 
CroOg  introduced  as  lead  chromate. 
CroOo  introduced    as    potassium  -  dichro- 

Method  of  Procedure. 


Fifty  grams  of  each  stain  were  weighed  out  vcvy  ai- 
curately  and  placed  in  an  TCrlenmeyer  Hask  of  450  c.  c 
capacity.  The  flasks  were  placed  on  a  table  coustructed 
for  the  purpose.  Bottles  of  about  500  *•.  c.  capacity  were 
arranged  beneath  the  flasks  for  the  ])urpo8e  of  receiving 
the  decanted  li<piid.  Distilled  water,  which  was  used 
throughout  the  washing  process,  was  conve^^ed  to  the  flasks 
through  a  rubber  tnbc  connecteil  (o  the  distilled  Axater 
faucet. 

The  flasks  were  tilled  uj)  with  water  and  thoroughly 
agitated  for  a  time,  after  which  the  stains  were  allowed 
to  settle.     The  supernatant  lirjuid  in  (^acli  flask  was  then 
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siplioiied  oft'  through  a  gUiss  tube  into  the  corresponding 
bottle  below.  The  liquid  from  tlie  first  three  washings 
was  preserved  for  future  analysis.  In  order  to  make  it 
possible  for  the  bottles  to  hold  the  first  three  washings,  it 
was  necessary'  to  reduce  the  volume  of  the  liquids  by  evap- 
oration on  a  hot  plate.  In  this  way  concentrated  solutions 
were  obtained.  The  liquid  from  the  other  washings  was 
not  preserved.  The  total  number  of  washings  for  each 
group  was  as  follows: 

Group  A.     Chromic   Oxide    11  washings 

Group  B.     Lead  Chromate   10  washings 

Group  C.     Potassium  Bichromate    12  wasliings 

(h-oups  A  and  C  were  given  additional  washings  be- 
cause some  of  the  stains  of  these  groups  still  had  a  decided 
tint  after  the  tenth  washing,  showing  that  all  the  soluble 
matter  had  not  been  removed.  The  stains  of  Grou])  i>  were 
almost  clear  after  the  fifth  washing.  Lead  chromate  is  it- 
self very  insolul)le,  and  hence  an  exc(^ss  would  not  impart 
such  a  deep  yellowish  tint  to  the  liquid  as  is  the  case  with 
potassium  dichromate. 

After  the  final  washing,  the  stains  were  ti'ansferred 
to  small  evaporating  dishes  and  evaporated  to  dryness  on 
a  liot  plate.  After  cooling,  the  stxiins  were  then  weighed 
and  the  percent  loss  calculated.  The  figures  obtained  were 
somewhat  erratic,  due  to  the  fact  that  the  drying  condi- 
tions were  not  i)erfect.  For  this  reason,  the  figures  are 
omitted.  The  stains  were  then  transferred  to  small  Hessian 
crucibles  and  calcined  in  a  Caulkins  ''Revelation"  gas  kiln 
to  Cone  4,  the  length  of  burn  being  12  houi's.  The  stains 
were  again  weighed  after  calcining  and  the  total  loss 
figured. 

The  glaze  used  and  method  of  compounding  were  same 
as  described  by  Purdy  and  Brown. 

Four  burns  of  the  glaze  series  Avere  made  as  folloAAs: 

1st  Burn  Cone  2  flat  28  liours  Cooled  slowly. 

2nd   Burn  Cone  2  flat  26  hours  Cooled  rapidly. 

3Td    Burn  Cone  1  flat  26  hours  Cooled  slowly. 

4th    Burn  Cone  1  flat  20  hours  Cooled  rapidly. 

Coke  was  used  as  fuel. 
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Observations  Made. 


Behavior  in  the  Washing  Process.  One  of  the  first 
pheiioinena  to  be  observed  was  the  marked  difference  in 
volume  alteration  of  the  stains  Avlien  treated  with  water 
in  the  washing  process.  Those  high  in  lime  and  low  in 
chromium  became  particularly  light  and  voluminous, 
while  those  high  in  chromium,  irrespective  of  the  calcium 
content,  settled  doAvn  solidly  with  no  apparent  alteration 
in  volume. 

The  following  table  gives  the  relative  volume  of  the 
stains  as  they  existed  in  the  flasks  after  the  addition  of 
water : 


No. 

A 

B 

C 

2 

L 
L 

L 

L 

L 

L 

4 

L 

6 

L 

8   

L 
M 

M 
D 

M 

10 

D 

12 

D 

L 

L 

14 

L 

T. 

L 

16 

L 

M 

M 

18 

M 

D 

M 

20 

M 

D 

D 

22 

D 

L 

L 

24 

L 

L 

L 

26 

L 

M 

M 

28 

M 

M 

M 

30 

M 

D 

D 

32 

D 

L 

L 

34 

L 

L. 

L 

36 

M 

M 

M 

38 

D 

D 

D 

40 

D 

D 

D 

42  

M 

L 

M 

44 

M 

M 

M 

46 

D 

D 

D 

48 

D 

D 

D 

50 

D 

D 

D 

52 

D 

D 

D 

54 

I    D 

D 

D 

56 

D 

D 

D 

58 

s 

D 
D 

D 

60 

0 

L=r  Light   and   voluminous. 

M  r=  Medium. 

D  =  Dense  and  compact. 
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111  general  those  liigli  in  calcium  and  low  in  chromium 
were  the  most  Yoluminons.     For  example,  the  following 
numbers  in  all  the  groups  showed  excessive  swelling : 
Nos.  2,  4,  6,  12,  14,  22,  24,  32. 

Those  stains  with  high  and  medium  calcium  and  high 
chromium  were  the  most  compact.  In  fact,  in  the  latter 
cases,  the  stains  formed  such  a  solid  cake  that  the  super- 
natant liquid  could  be  poured  off  directly  without  break- 
ing up  the  residue.  In  some  cases  it  was  necessary  to 
break  up  the  cake  Avith  a  spatula  prior  to  subsequent 
washings.  This  was  true  with  the  following  numbers  in 
all  the  groups: 

Nos.  20,  28,  30,  38,  44. 

In  those  lowest  in  calcium  and  low  in  chromium  the 
stain  settled  to  a  compact  mass,  while  those  low  in  calcium 
and  high  in  chromium,  although  not  swollen  appreciably, 
did  not  form  as  dense  a  cake  as  those  higher  in  calcium 
with  the  same  equivalent  of  chromium. 

On  settling,  many  of  the  stains  had  a  white  or  pinkish 
deposit  settled  onto  the  denser  settled  portion ;  those  of 
lowest  calcium,  irrespective  of  the  chromium  content,  hav- 
ing the  heaviest  deposit;  those  of  highest  calcium  having 
the  barest  trace.  This  light  in  soluble  matter,  which  set- 
tled very  slowly,  would  cause  the  liquid  to  remain  cloudy 
or  milky  for  a  considerable  length  of  time  after  the  addi- 
tion of  water  to  the  stains. 

The  following  were  the  slowest  to  clear  up,  due  to  this 
cause : 


A 

B 

c 

3S 

46 

40 

40 

4S 

46 

48 

52 

48 

50 

54 

50 

52 

56 

54 

54 

58 

56 

56 

60 

58 

'  58 

60 

60 

" 
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Color  of  the  Decanted  M'ater.  In  Groups  A  and  C 
(chromic  oxide  and  potassium  bichromate),  the  first  de- 
canted water  from  those  lowest  in  chromium  was  almost 
colorless,  there  being  only  a  slight  ^^ellowish  tint,  while  in 
each  succeeding  number,  with  an  increase  of  cliromium, 
the  color  increased  in  tint  until  those  highest  in  chromium 
had  a  strong  tea  or  straw  color.  The  strength  of  color 
also  varied  with  the  calcium  content,  those  of  low  calcium 
being  of  a  slightly  deeper  tint  than  those  of  high  calcium. 
Th'e  color  of  Group  C  was  slightly  stronger  than  in  Group 
A.  In  Group  B  (lead  chromate),  the  decanted  water  from 
all  the  stains  was  almost  coloi-less.  There  Avas  a  slight  tint 
in  Series  42-50  and  52-60,  there  being  a  progressive  in- 
crease from  none  in  Series  42  and  52  to  a  slight  yellow  in 
Series  50  and  60. 

On  evaporating  the  liquid  from  the  first  two  wash- 
ings, a  scum  was  noticed  to  form  on  most  of  the  solutions 
soon  after  they  became  thoroughly  heated,  and  this  in- 
creased as  the  solutions  became  more  concentrated.  The 
following  table  gives  the  relative  degree  of  scumming  for 
the  three  groups : 


2  M 

12  M 

22  S 

32  M 

42  S 

52  N 

4  M 

14  M 

24  T 

34  M 

44  S 

54  N 

6  T 

16  T 

26  T 

36  M 

46  M 

56  N 

8  T 

18  T 

28  S 

38  N 

48  N 

58  N 

10  M 

20  S 

30  S 

40  N 

50  N 

60  N 

T  =  Thick  scum. 
M  =:  Medium  scum. 
S  =  Sliglit    scum. 
N  =  No   scum. 

In  general  those  high  in  chromium  and  low  in  cMlcium 
showed  the  least,  while  those  high  in  calcium  and  low  in 
chromium  showed  the  greatest  tendency  to  scum. 

After  the  tenth  wasliing,  the  color  of  the  supernatant 
liquid  on  all  the  stains  was  very  weak.  All  of  those  of 
Group  B  were  clear,  while  a  few  meml)ers  of  both  G^roups 
A  and  0,  higliest  in  clii-ominm,  still  had  an  appreciable 
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tint.  Those  of  Group  ('  still  had  a  sliglitlv  stronger  color 
thau  those  of  Group  A. 

It  was  found  that  those  lowest  in  lime  were  the  eavS- 
iest  to  wash  free  of  color,  i.  e.,  while  Series  52-00  had  the 
strongest  color  in  the  beginning,  at  the  end  of  the  tentli 
washing  tluix  had  a  inucli  weaker  tint  than  the  others. 

Loss  Due  to  J-J.rtrar1ioit  of  Holnhle  >>alts.  The  results 
of  the  deterniination  of  the  soluble  matter  are  somewhat 
erratic.  A  number  of  causes  may  be  given  as  partially 
responsible  for  this.  One  of  the  possibilities  of  error  was 
the  tendency  of  the  light,  unconsolidated  stains  to  be  car- 
ried over  when  siphoning  olf  the  supernatant  liquid.  How- 
ever, the  loss  from  this  cause  was  ]n'obably  very  slight,  as 
extra  precaution  was  observed  in  such  ca.ses. 

Another,  and  perhaps  the  most  important  source  of 
discrepancy  was  the  fact  tluit  the  stains  are  more  or  less 
hydroscopic  and  no  doubt  took  up  moisture  from  the  air. 
Also,  it  was  not  possible,  with  the  limited  time  and  facili- 
ties, to  dry  all  tlie  stains  in  desiccators  before  each  weigh- 
ing, or  to  carry  on  the  determination  with  the  accuracy 
and  precision  that  a  chemical  analysis  requires. 

However,  from  the  figures  obtained,  general  conclu- 
sions can  be  dra\^'n  which  are  of  greater  importance  than 
the  exact  figures  for  any  particular  stain. 

In  all  the  series,  those  high  in  calcium  showed  the 
greatest  losses;  those  low  in  calcium,  very  small  losses. 
Also,  in  general,  those  low  in  chromium  showed  a  greater 
loss  than  those  high  in  chromium,  indicating  that  the 
chromium  represents  a  minor  portion  of  tlie  loss. 


524 


EXTRACTS  FROM   INVESTIGATIONS   MADE  BY  STUDENTS. 


Pecentage  Total  Loss 

Equivalent  Content  of 

No. 

A 

B 

c 

CaO 

CrjO:, 

2 

11.2 
11.5 
11.1 
10.1 
8.9 
8.7 
8.7 
7.9 
8.0 
7.2 
6.8 
6.3 
5.8 
6.2 
5.5 
5.4 
5.4 
5.2 
4.5 
2.8 
2.9 
2.4 
2.4 
1.5 
1.4 
1.6 
1.3 
1.2 
1.2 
1.2 

7.6 
9.5 
6.8 
6.8 
9.0 
4.4 
8.1 
4.7 
6.5 
5.8 
4.6 
6.7 
4.6 
6.3 
7.9 
5.7 
4.7 
4.3 
5.5 
6.7 
4.2 
3.6 
4.0 
4.8 
5.0 
2.5 
2.8 
3.9 
5.7 
5.2 

10.8 
9.6 
9.0 
9.0 

10.3 
8.1 
8.4 
6.6 
6.9 
6.7 
6.9 
6.3 
5.5 
9.0 
8.4 
5.1 
4.4 
3.5 
6.8 
8.2 
2.4 
2.4 
1.6 
5.2 
6.3 
2.2 
1.7 
1.4 
1.3 
2.0 

3.0 
3.0 

3.0 
3.0 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
1.5 

1.0 

1.5 
1.5 
1.0 
1.0 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
"0.5 
0.5 

0  005 

4 

6 

8 

0.02 
0.05 
0  10 

10 

0  15 

12 

0  005 

14 

0  02 

16 

0  05 

18 

0.10 

20 

0  15 

22 

0.005 

24 

0,02 

26 

0.05 

28 

0.10 

30 

0.15 

32 

0.005 

34 

0.02 

36 

0.05 

38 

0.10 

40 

0.15 

42 

0.005 

44 

0.02 

46 

0.05 

48 

0.10 

50 

0.15 

52 

0.005 

54 

0.02 

56 

0.05 

58 

0.10 

60 

0.15 

TinU-  Ohiawed  in  the  Glazes: 

It  was  in  the  glazes  that  the  most  pronounced  change 
in  color,  due  to  washing-  and  recalcination,  was  produced. 
In  some  there  was  little,  if  any,  change,  while  in  others 
there  was  considerable.  In  some  cases,  greens,  browns, 
and  lilacs  were  changed  to  pinks  and  reds  bv  simply  wash- 
ing and  recalcining  the  stains.  The  comparison  of  colors 
before  and  after  washing  are  given  below: 
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It  is  seen  by  comparing  the  colors  as  shown  in  cliart 
that  the  most  marlved  changes  in  tint  were  in  the  high 
chromium  end  of  the  groups,  being  more  pronounced  where 
the  calcium  is  Ioav  in  Groups  A  and  B,  and  where  the 
calcium  is  high  in  Group  C. 

Effect  of  Source  of  ChromiuiH  :  The  general  terms 
used  in  above  tables  do  not  indicate  the  differences  in  tint 
produced  by  use  of  the  different  chromium  compounds. 
With  low  chromium  (0.005  and  0.02  eqv.  in  stain)  there 
are  no  marked  differences.  With  more  than  0.02  eqv.,  how- 
ever, there  is  a  decided  diff'erence  in  the  tints. 

DISCUSSION. 

Mr.  Binns :  Do  I  understand  that  each  trial  was 
identically  the  same  as  the  others  except  as  to  the  source 
of  the  chromium? 

Mr.  Funly :  Yes,  as  plotted  in  the  paper  and  shown 
on  the  mounted  cards  the  chromium  increases  from  top  to 
bottom  and  the  whiting  from  left  to  right. 

Mr.  Friul--.  How  do  you  account  for  that  difference? 
Have  you  any  theory  that  will  explain  that? 

Mr.  Purdij:  No  sir,  that  is  one  thing  we  avoided  do- 
ing. Dr.  Mellor  says  that  we  did  not  have  complete  action, 
we  only  had  arrested  re-action.  I  do  not  know  what  he 
means  by  the  distinction  between  the  arrested  and  the  com- 
pleted re-action  as  applied  to  such  calcines  as  chrome  tin 
pink  stains. 

RANGE  IN  COMPOSITION  OF  AN   ENGOBE  AND  GLAZE 
FOR  A  GIVEN  BODY. 

BY 

Geo.  p.  Fackt. 
The  bodv  clav  used   was  a   buff  burning  clay  from 
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Progress  Brick  Co.,  St.  Louis,  Mo.     Rational  analysis  of 
this  clay  gave 

Sol.  in  hot  HoSOi 72.51 

Feldspathic  material   4 .  12 

Quartz     23.37 

Eugobes  were  applied  ou  stiff-mud  bricks  just  after 
manufacture,  i.  e.,  before  drying. 

The  first  series  of  engobes  were  designed  to  show  ef- 
fect of  various  clays  in  the  following  type  formula : 

Clay     50 

Flint     30 

Feldspar    20 

Each  member  of  this  series  contained  only  one  clay. 

The  engobes  were  applied  by  dipping. 

The  clays  that  gave  the  best  results  were  Georgia 
Kaolin  (Macon),  Dillsboro  Kaolin,  and  English  Ball  Clay 
No.  7.  ' 

The  condition  of  body  and  manner  of  application  of 
these  engobes  were  similar  to  those  described  by  Geijsbeek. 
Results  in  this  instance  check  Geijsbeek  contention  that 
with  the  same  formula  each  change  in  clays,  other  con- 
stituents remaining  constant,  produces  a  change  in  char- 
acter of  results. 

The  second  series  of  engobes  had  type  formula  as  fol- 
lows : 

Clay    65 

Flint    25 

Feldspar    10 

This  series  was  designed  to  demonstrate  the  best  pro- 
portion of 

Dillsboro   Kaolin    Mayfield  Ball 

Georgia  Kaolin    Mayfield  Ball 

Georgia  Kaolin    Mayfield  Ball 

Dillsboro   Kaolin    Tennessee   Ball   No.   1 

Georgia  Kaolin    Tennessee   Ball   No.   1 

Mayfield   Ball    Tennessee   Ball   No.   1 

None  of  these  engobes  proved  to  be  satisfactory  on 
account  of  not  being  sufficiently  vitrified  and  not  adhering 
to  the  bodv. 
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Evidence  couceriiiiig  etfect  of  vai'iatioii  in  kind  of  clay 
used  cheeked  that  obtained  from  Series  I. 

The  third  series  was  designed  to  ascertain  the  best 
ratio  of  feldspar  and  flint  in  engobes  containing  65% 
clay. 

Without  waiting  for  results  from  Series  III,  two 
other  series  were  designed  in  which  the  ratio  of  flint  to 
feldspar  was  kept  at  ratios  of  4:3  and  3:4  respectively; 
varying  the  percentage  of  clay  (kaolins)  from  50  to  80. 

Not  one  of  the  engobes  in  Series  II,  III  or  V  proved 
to  be  successful,  owing  to  combination  of  clays  tried. 
Great  difference  in  effect  produced  by  the  different  clays 
was  noted.  Three  more  series  were  devised  to  deteivmine 
the  best  proportion  and  mixture  of  clays.  The  following 
gave  the  best  results : 


Engobe    No 

.      62 

63 

72 

73 

94 

82 

English  Ball  Clay   No.   12.. 
Dillsboro  Kaolin    

.    30 
.    17.5 
.    17.5 

.|  20 
.    15 

40 

12.5 

12.5 

20 

15 

30 
15 
15 
24 
16 

35 

17.5 

17.5 

18 

12 

40 
20 
20 
12 

8 

20 
20 

Georgia  Kaolin    (Macon)    . . 

Flint     

Feldspar    

20 
24 
16 

Nos.  62  and  72  were  the  best  in  all  res})ects.  Heat 
treatment  of  the  burns  ranged  from  Cone  4  to  Cone  6  in 
30  hours. 

The  Glazes. 

The  glazes  tried  are  shown  in  the  following  table. 
Tliey  were  of  the  usual  raw  lead  type,  using  wliite  lead. 


EqV. 

AI0O3 

Equivalent  SiOj 

0.25 

1 

i     (a) 

1.75 

I 

(a) 

1.975 

(a)   2.2     ' 

2.425 

2.65 

0.30 

;     (a) 

1.85 

(a) 

2.075 

(a)   2.3     1 

2.525     1 

2.75 

0.35 

i     (a) 

1.95 

(a) 

2.175 

(a)  2.4     1 

2.625     1 

2.85 

0.40 

1     (a) 

2.05 

(a) 

2.275 

(a)   2.5     1 

2.725 

2.95 

0.45 

i     (a) 

2.15 

(a) 

2.375 

(a)   2.6     j 

2.825 

3.05 

0.50 

1     (b) 

1 

2.25 

1     (b) 

1 

2.475 

(b)   2.7     1 

1 

2.925     1 

3.15 
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,-  0.4  PbO 

■or^  *  11        \      0.2    K„0 

RO  common  to  all     <    q  o  CaO 
(   o!2  ZnO 

Glazes  marked  a  were  excellent  glazes  for  the  purpose 
at  hand.  They  were  matured  nicely  at  Cone  6;  not  over- 
burned  or  dimmed. 

Glazes  marked  h  were  tendino-  towards  matts. 


MATT  GLAZE  AT   CONE   7-8. 

BY 

W.  P.  Earle. 

0.15  K„0    )  (1.4  SiO. 

0.33  PbO    I    0.4.5  A1..0    \ 

0.52  CaO   J  (O.l  SnO. 

.09  CuO 

.05  Fe,0, 


PRODUCTION  OF  FLEMISH  WARE. 
BY 

S.  P.  Ward. 
Object. 

The  object  of  these  experiments  was  to  produce  a 
blue-gray  stoneware,  soft  in  color,  with  raised  decorations 
in  deep  blue.    The  body  was  to  be  impervious  to  water. 

The  Body. 

The  blue  gray  body  was  readily  obtained  by  adding 
10%  feldspar  to  a  stoneware  clay,  and  burning  Avith  such 
intensity  of  heat  treatment  as  to  obtain  deep  blue-stoning 
(Cone  8). 

It  was  found  that  to  obtain  the  blue  tint  desired, 
0.06257c  cobalt  oxide  (introduced  as  a  component  of  a 
stain)  had  to  be  added  to  the  body. 

The  Relief  Decorations. 

To  obtain  liright  giossv  blu("  relief  decorations,  cobalt 
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was  added  to  various  types  of  glazes  in  varying  propor- 
tions. The  prime  requisite  was  that  the  glazes  should  be 
perfect  and  the  color  a  characteristic  cobalt  blue,  after 
subjection  to  strong  salt  glazing  treatment. 

From  the  several  series  tried,  the  following  glaze  was 
taken  as  having  best  withstood  the  salt  glazing  treatment 
at  Cone  4: 

0.5  PbO  ^     f,  o      Ai  r.    ^ 


Attempts  were  made  to  imitate  the  salt  glaze  effect 
by  using  glazes  of  the  porcelain  and  bristol  type.  The 
experiments  tried  were  not  successful. 

DISCUSSION. 

Mr.  Binns :  There  is  one  point  not  quite  clear  to  me. 
Do  I  understand  that  the  blue  color  was  not  in  the  form 
of  fusible  glaze? 

Mr.  Purdy:  Yes,  the  color  was  introduced  in  the 
jilaze  and  painted  on  the  relief  decorations. 
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EFFECT  OF  TIO.  ON  POINT  OF  DEFORMATION  OF 

CLAY. 

BY 

Chalmer  Bryce. 

"TRANS.  AM.CER.SOC.VOLXII  PURDY 
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PeycentacfCxS    Of     Titanii/m   OxioCe. 


40 


45 


50 


COLOR  SERIES  FOR  MATT  GLAZES  AT  CONE  2-4. 

BY 

Millard  F.  Gibson.  \ 

The  glaze  used  was 

0.15  K„0    - 

0.10  PbO  ^ 

0.10  ZnO    \    0.27  ALO,     '  1.9  SiO^ 

0.35  CaO  ^ 

0.30  BaO   . 

The  experiments  did  not  progress  beyond  obtaining 
suitable  base  matt  glaze  and  determining  the  equivalent 
quantity  of  the  several  oxides  necessary  to  produce  desired 
tins. 

Following  are  the  limits  (in  equivalents)  of  content 
of  the  coloring  oxides: 
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Coloring 

Raw  Lead  Glazes  (Briglit) 
by  Purdy 

Matt  Glazes  by  Gibson 

Oxide 

Commercial  L-niits           ,          Commercial  Limits          |             Possilile  Limits 
in  Eguivalents              j              in  Equivalents             |             in  Equivalents 

CuO     

CoO     

MuO„     

Fe.,0 ..     

Cr„0 

NIO 

Ur„d,     

0.05 

0.002 

0.03 

0.01 

0.01 

0.01 

0.002 

0.125          0.03 
0.06            0.002 
0.15            0.02 
0.05            0.01 

0.05             

0.05            0.01 
0.008          0.002 

0.15 

0.08 
0.20 
0.05 

0.10 
0.009 

0.005 
0.001 
0.01 
0.005 

o!oi 

0.002 

0.18 
0.10 
0.25 
0.10 

6!i6 

0.01 

SUBSTITUTION  OF  DOLOMITE  FOR  WHITING  IN 
CERAMIC  BODY  AND  GLAZES. 

BY 

Arthur  F.  King. 

Two  samples  of  dolomite  were  used  : 

No.  1  from  INfoore  Bros.,  Springfield,  Ohio. 
No.  3  The   Woodville    White   Lime    Co.,   Wood- 
ville,  Ohio. 


SiO..    . 

A1..6 

Fe.O. 

CaCO 

MgCO 


1.35 

0.67 

0.20 

53.44 

43.86 


0.61 

0.63 

0.09 

52.37 

46.08 


Dolomite  in  Body. 

Substitution  of  dolomite  for  whiting  was  made  in  the 
following  bodies : 


Body  No.  1 


Body  No.  2 


Braudywine    Feldspar 

Whiting    

Florida   Kaolin    

(Jolding's   Film    


40 

28 


25 

8 

3 

7 

41 

4 

29 

1 
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For  comparison  bodies  were  made  on  these  formulae, 
using  in  one  a  precipitated  calcium  carbonate  secured  from 
The  International  Chemical  Co.,  Camden,  N.  J.;  and  in 
the  other  a  Paris  White  from  The  Potters  Supply  Co.,  East 
Liverpool,  Ohio. 


^1^ 


S.oa 

is' 


Q 


Ppt.   Whiting   ,  1 

Paris  White    j  1 

Dolomite  No.  1 1  1 

Dolomite  No.  2 1 


Ppt.  Whiting    1 

Paris  White   j  1 

Dolomite  No.  1 1  1 

Dolomite  No.  2.  . 1 


Ppt.  Whiting    !  2 

Paris  White   2 

Dolomite  No.  1 '  2 

Dolomite  No.  2 ;  2 


Ppt.   Whiting    i  2 

Paris  White    2 

Dolomite  No.   1 2 

Dolomite  No.  2 2 


11.0 
9.1 

0.74 
0.77 


16.13 
24.2 
3.39 

3.57 


9.6 
8.51 
5.07 
6.20 


10.66 

11.64 

3.86 

5.66 


2.2 
2.21 
2.29 
2.29 


2.05 
2.11 
2.36 
2.32 


2.28 
2.37 
2.37 
2.35 


2.30 
2.37 
2.36 
2.38 


5.64 

7 

4.43 

8 

0.32 

8 

0.33 

4 

9.36 

7 

13.54 

7.5 

1.48 

8.0 

1.56 

5.0 

4.60 

7.5 

3.92 

7.5 

2.13 

8.0 

2.64 

5.0 

5.18 

6.0 

5.43 

6.5 

1.60 

6.5 

2.52 

6.0 

13. 
13.5 
13. 
12. 


12.5 
12.5 
13.0 
12.6 


13.0 
12.5 
13.0 
12.5 


12.0 
12.0 
13.0 
13.5 


Dolomite  in  Glaze. 


Dolomite  was  substituted  by  weight  for  whiting  in 
raw  lead,  raw  matt  and  Bristol  glazes. 

No  effect  of  this  substitution  was  noted  except  in  the 
matt  glazes.  In  the  matt  glazes,  the  dolomite  series  gave 
no  trouble  from  crawling,  crackling  or  beading.  With 
whiting,  considerable  difficulty  was  experienced  in  obtain- 
ing a  perfect  matt  coating. 


0.34  ALO.    [      1.616-1.313   SiO. 
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Dolomite  can  be  secured  for  fG.OO  per  ton,  jiiround  to 
pass  150  mesh  sieve. 

It  can  be  used  in  all  bodies  in  which  absolute  freedom 
from  iron  tints  is  not  a  requisite. 

MATT  GLAZES. 

HY 

W.  N.  Claflin. 

The  following  are  conclusions  drawn  from  several 
glaze  series.  The  glazes  were  burned  to  Cone  1  in  30  hours. 

Good  matts  that  worked  well  on  porous  biscuit  tile 
applied  without  resorting  to  the  use  of  any  gum  to  insure 
freedom  from  flaking,  were  obtained  within  the  limits  here 
shown : 

0.45-0.45  PbO  ) 

0.00-0.15  ZnO  C 

0.15-0.10  K„0  [ 

0.40-0.30  CaO  J 

Influence  of  AlgO..  In  the  preliminary  study  on 
known  matts,  it  was  clear  that  the  conclusion  that  matt- 
ness  is  largely  dependent  on  the  equivalent  of  ALO;.,  or  of 
clay,  was  erroneous.  A  rather  high  clay  content  is  un- 
doubtedly favorable  to  mattness,  but  matt  glazes  with  low 
clay  content  have  been  reported.  True,  insoluble  matt 
glazes  only  are  considered  here.  Immatures  glazes  with 
matt  texture  may  be  produced  by  overloading  with  AUOo, 
or  with  clay,  but  these  are  not  stable,  nor  in  luost  cases 
insoluble. 

Influence  of  Oxygen  Ratio.  This  seems  also  to  be  a 
rather  uncertain  factor.  Professor  Orton's  curve^  shows 
that  an  O.  R.  of  2.3  is  necessary  to  obtain  a  matt  at  Cone  1. 
Bryan's  matt  maturing  at  Cone  02  to  Cone  2  has  an  O.  R. 
of  1 : 1.19.  I  obtained  good  matts  witli  an  oxygen  ratio  as 
low  as  1::  1.13.  Evidently  the  O.  R.  is  not  the  entire  gov- 
erning factor  in  production  of  matt  textures.  Quite  evi- 
dently also  what  Professor  Ortou  liad  to  say  in  this  couneC' 


1  Trans.   Am.   Cev.   Soc.   Vol.   X.    pp.   547-5S:;. 
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tioii  is  true  only  in  glazes  containing-  high  equivalent  of 
components  like  barium  carbonate  (0.3 — 0.4),  His  matts 
were  not  in  all  cases  due  to  the  same  cause.  Some  were 
immature  glazes,  while  a  few  were  crystalline. 

All  matt  glazes  published  by  Binus  and  designed  to 
mature  at  Cone  1,  had  oxygen  ratio  lower  than  that  speci- 
fied by  Or  ton. 

Influence  of  RO.  Matt  glazes  do  not  have  a  charac- 
teristic EG.  The  make-up  of  the  RO  may  be  of  a  very  var- 
iable character.  In  the  case  of  one  of  the  glazes,  the  sub- 
stitution of  0.05  equivalent  CaO  for  KoO  changed  a  bright 
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glaze  to  a  good  matt.  "Overloading  the  RO''  is  often  con- 
sidered to  be  productive  of  mattness.  It  is  not  at  all  clear 
what  is  meant  by  "overloading  of  the  RO."  If  it  refers  to 
use  of  an  unusually  large  equivalent  of  some  base,  the  ex- 
periment here  made  would  indicate  that  matt  texture  is 
not  always  to  be  thus  obtained. 

The  following  theory  seems  plausible  ns  to  the  cause 
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of  iiiattiiess.  The  visual  matt  glaze,  wlieii  burned,  is  con- 
sidered to  be  a  coiiiplioated  solution  of  silicates,  alumi- 
na tes  and  oxides.  It  is  not  possible  from  empiric  studies 
to  determine  the  nature  of  the  components  existing  in  a 
fused  glaze,  but  they  are  considered  as  forming  (in  the 
molten  state)  mutual  solutions  having  components  in  ex- 
cess, and  from  which,  on  soliditication,  the  excess  compo- 
nents crystallize  out.  Mattness  is  considered  to  be  due  to 
crystallization  out  of  solution  of  one  or  uiore  of  the  com- 
ponents, and  a  clear  glaze  is  the  result  of  solidification 
without  the  formation  of  crystals. 

For  simplicity,  let  us  consider  the  glaze  to  be  com- 
prised only  of  two  mutually  soluble  components.  In  the 
figure,  "aub"  represents  the  fusion  curve  of  the  soluble 
substances  "a"  and  "b."  The  abscissae  represent  percents 
of  ''a'"  and  ''b,"  the  ordinates  temperatures.  Starting  with 
a  fused  solution  of  the  components,  at  the  temperature 
represented  by  "x,"  let  us  cool  it  down  to  "y."'  If  the 
solution  is  perfectly  fluid,  allowing  of  free  movement  and 
circulation  of  the  molecules,  further  cooling  from  "y'-  will 
result  in  the  crystallization  of  "a."  The  constitution  of 
the  remaining  solution  varies  along  the  line  "yu."  The 
point  *'u-'  is  a  eutectic  point.  At  this  point  tlie  ^^•hole  mass 
will  either  crystallize  oi'  merely  solidify  in  an  amorphous 
condition.  The  mixture  represented  by  the  point  ''u"  may 
be  considered  as  the  solvent,  and  the  excess  component 
''a"  the  solute.  This  process  could  not  take  place  if  the 
lif|uid  becomes  very  viscous  or  solidifies  before  it  reaches 
the  saturation  point  of  "a."  Solidification  and  freezing 
are  different  things.  Freezing  is  accompanied  by  rhe  for- 
mation of  crystals  and  takes  place  at  a  definite  tempera- 
ture. In  the  case  of  solidification,  there  is  no  definite 
transition  point,  l»ut  the  change  from  solid  to  liquid  ex- 
tends over  a  considerable  range  of  temperature.  The  mass 
gradates  from  a  solid  to  a  soft  mass,  to  a  viscous  fluid,  to 
a  thin  liquid.  If  in  the  above  example  the  whole  mass  be- 
comes viscous  or  solidifies  before  the  point  "y"  is  reached, 
the  crystallization  of  ''a"  can  take  place  only  VM-y  slowly. 
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if  at  all.  The  mass  remaiiis  in  solution  and  a  solid  solution 
is  the  result. 

The  readiness  with  which  the  excess  component  will 
crystallize  is  also  considerably  of  a  factor.  Not  all  compo- 
nents of  a  fused  magma  have  the  same  speed  of  crystalliza- 
tion. 

The  size  to  which  the  crystal  will  grow  is  also  n  factor. 
This,  to  be  sure,  is  controlled  largely  by  the  viscosity  of 
the  "mother"  magma,  and  yet  as  seen  in  ''Crystal  (ilaze" 
study  by  Purdy  and  Krehbiel,  the  crystallizing  compo- 
nents did  not  grow  to  the  same  magnitude.  Speed  of 
crystallization  may  be  effective  in  this. 

A  clear  glaze  then  is  a  solid  solution,  that  is,  it  at- 
tains a  viscous  or  a  solid  state  before  the  excess  compo- 
nents could  crystallize  out. 

A  true  matt  glaze  is  one  in  wliich  at  least  one  of  its 
components  has  crystallized  out  before  the  mass  became 
too  viscous. 

Viscosity  has  an  important  function  in  glaze  manu- 
facture. To  A'iscosJty  of  the  mass,  Avhen  it  reaches  the 
point  of  supersaturatiou  of  the  excess  component,  can  be 
attributed  the  formation  of  all  clear  glasses.  It  interferes 
with  the  mobility  of  the  molecules,  and  hence  prevents 
crystallization  in  accordance  with  the  laws  of  solutions. 

It  is  apparent  that  comparatively  high  concentration 
of  one  of  the  components  would  be  advantageous  to  niatt- 
ness,  because  it  would  reach  its  saturation  point  much 
sooner  and  be  crystallizing  out  over  a  longer  temj)erature 
range.  This,  hoAvever,  need  not  necessarily  moan  excess 
of  any  one  of  the  oxides  shown  in  molecular  formula  of 
the  glaze. 

There  are  no  data  published,  nor  is  there  any  logical 
theoretical  reasoning  that  supports  Professor  Binns'  con- 
tention^ that  "the  constitution  of  matt  glazes  consisted  in 
the  formation  of  aluminates  in  mutual  solutions  with  the 
silicates."  His  statement  may  be  correct  for  some  glaze 
mixtures.     It  is  not  logical,  however,   to  iirgne  that  all 

1  Trans..  Am.   Cer.   Soo..   Vol.  X.  d.  .580. 
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true  matt  glazes  are  thus  caused.  It  is  quite  logical,  on 
the  other  hand,  to  argue  that  aluminates  and  silicates  may 
mutually  dissolve  and  form,  when  cooled,  glossy  glazes. 

Mr.  Stull-  Avas,  in  the  writer's  opinion,  quite  right 
when  he  ascribed  the  cause  for  true  mattness  to  crystalli- 
zation, but  quite  in  error  when  he  inferred  that  spinels 
could  not  be  formed  at  these  lower  temperatures  as  com- 
ponents of  fused  glazes. 

Feldspar  Content.  Feldspar  content  of  over  0.15 
equivalent  in  the  mixtures  here  tested  tends  to  produce  a 
gloss  glaze.  0.15  to  0.10  equivalents  of  feldspar  is  advan- 
tageous to  these  matt  glazes,  since  it  makes  the  glaze  suffi- 
ciently fluid  to  flow  and  heal.  The  glazes  here  tested  were 
quite  sensitive  to  chaneg  in  equivalent  content  of  feldspar. 
When  more  than  0,15  equivalents  were  used,  the  glazes 
developed  a  gloss,  and  when  less  than  0,10  equivalents 
were  used,  the  glazes  cracked  badly  and  did  not  again  run 
smooth. 

Thickness  of  Application.  It  has  often  been  con- 
tended tliat  matt  glazes  must  be  applied  thickly.  In  tsuct, 
this  is  the  general  procedure  in  ]>otterieis.  The  matt  glazes 
here  developed,  however.  Avere  not  applied  in  thick  coat- 
ings. They  were  ai)plied  only  as  thick  as  the  ordinary, 
glossy  raw  lead  glazes  (enamels)  on  tile.  This  procedure 
was  purposely  followed  because  of  working  on  the  theory 
of  cause  of  mattness  just  outlined.  A  true  matt  glaze  need 
not  be  applied  thickly  even  on  porous  wall  tile.  This  is 
contradictory  to  the  statement  made  by  Binns.^ 

Method  of  Application.  These  glazes  were  applied 
by  dipping.  No  gum  or  sticky  medium  was  used.  Tliat 
the  use  of  a  gum  was  not  always  necessary,  has  thus  been 
proven. 

DISCUSSION. 

Mr.  Bhnis:  I  would  like  to  ask  whether  Mr.  Purdy 
has  any  examples  of  these  glazes  here. 

Mr.  Piirfh/:  I  had  them,  but  in  the  rush  of  starting 
I  mislaid  them. 
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Mr.  Binns:  I  am  sorry,  because  I  could  possibly 
have  made  some  argument  upon  the  appearance  of  each 
glaze  itself.  In  other  words,  there  are  matt  glazes  and 
matt  glazes.  The  matt  glaze  in  my  judgment  is  not  simply 
a  dull  glaze,  but  a  glaze  which  develops  that  jjeculiar  silky 
or  kid  glove  texture  which  is  so  pleasing  to  the  touch.  It 
is  of  course  perfectly  true  that  dull  glazing  can  be  devel- 
oped in  that  way,  but  I  have  never  found  that  peculiar 
silkiness.  It  does  not  excite  the  pleasurable  feeling  that 
a  true  matt  glaze  does. 

I  have  done  quite  a  good  deal  of  work  on  matt  glazes 
but  I  have  never  seen  or  come  across  any  important  varia- 
tion from  the  rule  which  I  have  always  followed,  and  that 
is  if  you  prescribe  a  glaze  with  an  oxygen  ratio  of  one  to 
one  and  a  half  or  two  to  three,  and  if  the  basic  content  and 
the  alumina  and  silica  content  are  proportioned  in  the 
proper  way,  you  will  never  fail  to  secure  the  matt  glaze. 
The  one  exception  to  the  rule  is  barium  oxide.  ^Vith  that 
,^ou  have  to  change  not  necessarily  the  oxygen  ratio  but 
the  alumina  silica  content.  It  has  to  come  down  consid- 
erably lower  if  any  portion  of  barium  exide  is  included  in 
the  glaze.  That  I  attribute  to  other  causes  whicb  might, 
not  come  in  here.  The  same  formula  without  any  change 
other  than  raising  the  oxygen  ratio  from  one  to  two  pro- 
duces a  bright  glaze. 

I  do  not  want  to  dogmatize  on  the  reasons  for  this, 
but  I  do  not  quite  follow  the  reasoning  of  the  writer  of  the 
paper.  He  says  on  the  one  hand  spinels  may  be  formed  in 
the  matt  glaze  and  yet  denies  that  these  aluminates  pro- 
duce the  matt.  I  do  not  quite  see  the  consistency  of  that 
argument. 

Mr.  Purdi/:  Mr.  Clatlin^s  argument  is  this:  You 
cannot  sav  that  since  aluminates  mav  .be  formed  in  glazes, 
that  mattness  is  due  to  the  formation  of  aluminates.  T 
think  he  is  logical  in  that. 

We  have  produced  matt  glazes  ^^  ith  very  low  alumina 
and  in  a  few  cases  witli  pra<rically  no  alumina,  and  I 
think  ]Mr.  Stull  last  year-  rei)orted  some  matt  glazes  made 


5i2        p:xtka('ts  from  investigations  made  by  students. 

bv  liiin  that  had  uo  aliiuiiiia  so  far  as  the  original  consti- 
tuents were  concerned.  Tlie  malting  of  a  briglit  glaze  from 
a  matt  glaze  by  merely  increasing  the  oxygen  ratio  is  a 
possible  A\ay  of  making  a  good  glaze,  but  the  reverse  of 
that  is  not  a  possible  way  of  making  a  matt  glaze  in  all 
instances. 

Prof.  Binns  first  experiment  in  matt  glazes  was  made 
v\hen  devehvping  a  line  of  bright  glazes.  In  his  experi- 
ments he  changed  bright  glazes  over  into  matt  glazes  by 
decreasing  the  oxygen  ratio;  but  in  that  instance  he  was 
working  Avith  most  favorable  Ed  and  Ra^n  contents.  Prof. 
Ortoii  and  also  Mr.  Rliead  have  reported  in  our  transac- 
tion similar  attempts  to  produce  matts  by  decreasing  oxy- 
gen ratio  of  bright  glaze  formulae,  and  each  of  these  ex- 
peri  mentors  reported  their  attempts  as  failures. 

Now  the  matt  texture  that  Mr.  ( "latiin  describes  is  ex- 
actly the  one  described  by  Professor  Ijinns.  Our  test  is 
always  on  the  soft  part  of  the  cheek.  A  perfect  matt  does 
not  have  to  be  a  thick  glaze  in  order  to  have  a  texture  that 
will  feel  smooth  on  your  cheek.  Of  course,  if  you  are  put- 
ting the  glaze  on  a  rough  body  you  will  have  to  have  more 
glaze  to  fill  in  the  depressions  and  make  the  surface 
smooth.  Mr.  Olafiin's  glazes  flow  well,  as  much  as  you 
would  expect  a  matt  glaze  to  flow,  and  had  that  nice  soft 
texture. 

Mr.  B  lit  lis:  In  this  connection  [  want  to  see  the  KO 
(  ontent  of  the  glaze.  Professor  Purdy  (juestions  the  possi- 
bility of  making  a  matt  glaze  from  a  briglit  by  sim]dy  re- 
ducing the  oxygen  ratio. 

Mr.  Purdi/:  In  that  case,  no.  I  Iiave  done  that  my- 
self. I  have,  however,  failed  more  often  that  I  have  suc- 
ceeded. Oxygen  ratio  is  not  the  ])rime  factor  in  y)roduc- 
tion  of  matts. 

}[r.  Birnis:  I  might  say  with  tlic  pi-oviso  that  the 
fire  must  be  adapted  to  the  RO  content.  T  have  never  failed 
to  do  it.  I  am  speaking  only  within  the  limits  of  my  own 
e\-]»ericnce.     T  advanced  this  tlieory,  aiul  1  tliiiil;  my  ])ap(M' 
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on  matt  glazes  was  the  first  one  to  open  the  ball.    A  matt 
glaze  can  be  attributed  to  excess  of  lime.    I  believe  that  it 
is  a  commercial  metiiod  of  producing  some  of  them,  but 
the  surface  is  never  of  silkv  texture.     And  other  glazes 
have  l>een  produced  by  underfiring  which,  as  the  paper  has 
pointe(^l  out,  are  "true  matts.     It  is  certainlv  true  that  the 
matt  glaze  in  itself  is  a  result  of  some  kind  of  crvstalliza- 
tion  or  separation,  if  you  prefer  the  word.    I  do  not  know 
that  it  is  necessary  that  the  excess  components,  either  ox- 
ide or  mineral,  are  bound  to  be  separated  in  a  crvstal  form. 
I  have  been  challenged  to  show  crystals  in  a  matt  glaze 
under  the  microscope,  and  I  have  not  alwavs  succeeded  in 
doing  it.     But  then  to  show  the  crystal  upon  the  surface 
on  partially  opaque  glass  is  not  always  an  easy  thinu.     I 
still  maintain  that  the  main  factor  in' the  production'of  a 
matt  glaze  is  a  low  oxygen  ratio.     I  can  produce  matt 
glazes  with  other  oxygen  ratios  but  not  invariably,  wliile 
the  ratio  of  2  to  3  is  in  my  experience  invariable.     The 
proper  proviso  being  made  that  the  EG  must  balauce  with 
the  fire.     If  a  phenomenon  appears  like  that  with  unvaj-v- 
mg  regularity  I  do  not  quite  see  why  it  does  not  approac'h 
to  something  like  a  law. 

THE  LIMITS  OF  COMPOSITION  OF  ENAMELS  FOR 
CAST  IRON. 

BY 

:\rERRiTT  B.  Chexey. 

(ABSTRACTED  BY  H.  F.  STALEY. ) 

Mr.  Cheney  (piotes  Von  U.  ^^ondracek,  wb.o  oives  the 
following  as  the  allowable  limits  of  compo.<=?itio]i  for  ground 
coats  for  cjist  iron,  according  to  German  practice: 

0.3-1.0  Xa.,0    I    0.0-2.0  B..0. 
0.0-0.7  CaO     )    2.6-6.3  Siol 

A  fritt  was  made  up  of  l)ora\  and  boric  acid  in  the 
proportion  represented  by  tlie  formula  Xa.,G,  8  E.G.,  or 
one  equivalent  eacli  of  borax  and  boric  acid'.  Gue  equiva- 
lent of  this   fritt   was  n^ed    in   .^adi    of   tlic  experimental 
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coats.  Additions  of  feldspar,  oiic-t(^iith  equivalent  at  a 
time,  were  made  until  one  full  ecjuivaleut  of  the  spar  was 
reached.  To  the  pure  fritt  and  to  each  of  the  fritt-feidspar 
mixtures,  additions  of  clay  of  five-hundredths  equivalents 
each  were  made  until  three-tenths  e(iuivalents  had  been 
reached. 

Most  of  the  seventy-seven  trial  coats  were  entirely  too 
soft.  Workable  compositions  were  not  reached  with  either 
feldspar  or  clay  alone.  Using-  the  two  together,  the  follow- 
ing limits  of  composition  for  a  ground  coat  of  this  class 
were  obtained : 

.40-. 50  K..0      )  i   1..5  -2.0     B..0. 

I   .55    to    .63   A1,,0..    \ 
.50-. 60  Na„0   j  (  2.75-3.25  SiO„ 

As  Avill  be  readily  seen,  these  limits  are  narrow  and 
probably  do  not  cover  the  whole  field  of  available  composi- 
tions. Mr.  Cheney  labored  under  the  disadvantage  of  do- 
ing pioneer  work  in  this  field,  and  so  was  not  able  to  plan 
his  series  as  effectively  as  in  better  known  lines  of  investi- 
gation. Another  defect  of  the  series  was  the  solubility  of 
the  fritt  which  acted  like  so  much  borax  glass,  hydrating 
and  giving  trouble  in  drying  and  burning.  Thus  the  whole 
ground  coat  was  in  fact  raw.  AVhile  this  type  of  ground 
coat  is  used  to  a  slight  extent,  it  is  not  popular  among 
manufacturers  and  does  not  give  the  best  results  in  prac- 
tice. This,  of  course,  does  not  detract  from  the  value  of 
Mr.  Cheney's  work  as  an  experimental  study. 

In  regard  to  the  limits  of  composition  given  by  Vond- 
racek,  little  need  be  said.  The  B.^Oo  and  SiO^,  correspond 
to  American  usage.  The  al)sence  of  ALO.;  is  probably  due 
to  the  fact  that  enamel  formulae  are  derived  from  the  glass 
industry  rather  than  the  clay  industries.  Many  enamelers 
in  America  now  use  feldspar  in  their  ground  coats.  The 
upper  limit  of  one  equivalent  of  Na-O  is  seldom,  if  ever, 
reached  in  this  country.  The  use  of  CaO  as  the  only  KO 
element  in  addition  to  XaoO  is  interesting.  Lime  or  other 
alkaline  earths  are  not  used  in  large  quantities  in  ground 
coats  in  the  United  States.     Some  PbO  or  ZnO,  or  both 
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are  generally  present,  and  KoO,  broagbt  in  In  feldspar,  is 
a  common  ingredient. 

DISCUSSION. 

Mr.  Slut  it: :  I  never  really  knew  how  nuuli  dit^'erence 
there  was  between  enameling  sheet  steel  and  enameling 
cast  iron  until  I  came  here.  I  ne\er  studied  the  cast  iron 
enamel  much.  But  this  cast  iron  formula  agrees  with 
what  I  ha^e  learned  from  cast  iron  men.  and  the  cast  iron 
industry  is  as  difl'erent  from  the  sheet  iron  industry  as  day 
from  night.  They  are  not  alike  at  all.  Not  only  are  the 
formulae  dift'erent  but  the  methods  of  application  are  dif- 
ferent, and  the  heat  treatment  and  the  construction  of  the 
cast  iron  formulae.  Cast  iron  men  for  slush  coat  make  a 
fritt  similar  to  that  gi^en  in  this  jiaper,  and  then  add  raw 
materials,  feldspar,  clay,  possibly  flint,  to  make  a  ground 
coat  hard  enough  to  stand  the  required  heat  treatment. 
They  burn  generally  about  a  thousand  degrees  1  under- 
stand. That  method  does  not  do  at  all  for  sheet  steel.  The 
cast  iron  men  usually  fritt  their  opacifiers  entirely.  The 
sheet  steel  men  cannot  do  that.  And  there  are  a  great 
many  differences  which  I  have  found  out  since  I  came 
here  that  1  never  knew  existed  in  the  two  industries.  In 
fact,  they  are  not  alike  at  all  and  I  do  not  believe  I  know 
anything  about  cast  iron,  but  T  hope  to  find  out  something 
about  it. 

Mr.  Binihs:  Isn't  it  a  fact  Mr.  Shaw  that  in  the  cast 
iron  industry  the  whole  matt  is  fritted  and  used  dry? 

Mr.  ^Jiaiv:     In  the  case  of  the  cover  enamel. 

Mr.  Bin  us:     Do  they  use  more  t!ian  one  coat? 

Mr.  Sliair:  They  use  two  coats.  They  have  a  slush 
coat,  or  what  we  call  a  ground  coat  in  sheet  steel  work. 
There  is  only  a  small  part  of  that  which  is  fritted,  and 
they  add  raw  ingredients  to  make  it  harder. 

Mr.  BiuHs:  I  know  of  some  cases  of  cast  iron  enam- 
eling where  there  is  only  one  cofit,  and  it  is  nil  ])owdered 
on. 

Mr.  Piirdij:     Is  it  cast  iron? 
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Mr.  Bill  lis:     I  think  so. 

Mr.  J'lirthr.  Kettles  and  kiteheii  ware  aie  not  cast 
iron. 

Mr.  Hill  lis:  The  slieet  steel  refers  to  kitclicn  uten- 
sils. I  Avas  including  in  cast  iron  the  large  vats  such  as 
we  saw  at  Rochester,  and  I  suppose  the  powder  there  was 
somewhat  like  they  fired  on  bath  tubs.  I  am  informed  that 
only  one  coat  is  used  and  it  is  put  on  entirely  in  a  form  of 
a  powdered  fritt.    You  do  not  do  that? 

Mr.  kSliaic:  I  do  not  see  how  that  could  xjossibly  be. 
Take  a  bath  tub  for  instance;  you  have  got  to  heat  them  to 
a  red  heat  before  you  can  get  the  powder  to  adhere.  If  you 
heat  it  to  a  red  heat,  you  will  have  a  coating  of  scale  and 
enamel  will  not  adhere  to  the  scale.  I  think  the  practice 
is  in  this  country  at  the  present  time,  the  general  ])rac- 
tice,  but  I  would  not  say  that  there  are  not  cases  where  it 
is  not  done,  but  the  general  practice  is  to  apply  a  slush 
coat,  and  the  principal  object  in  that  is  to  form  a  bond 
between  the  iron  and  the  cover  coat,  and  the  secondary 
object  is  to  prevent  the  iron  being  oxidized  while  it  is  being 
heated  to  such  a  temperature  that  the  powder  will  adhere. 

Mr.  Frink:  In  the  manufacture  of  enameled  cast 
iron,  does  not  the  slush  coat  have  another  object,  to  avoid 
the  effect  of  the  graphitic  and  uncombined  carbon?  In 
other  words,  if  we  should  attempt  to  put  a  dust  coat  on  a 
piece  of  cast  iron,  you  would  have  the  whole  coat  complete- 
ly filled  with  bubbles,  owing  to  the  carbon  on  the  surface 
or  at  the  surface. 

Jfr.  SJiaio:  I  do  not  see  hardly  how  that  condition 
would  enter.  If  the  carbon  is  going  to  effect  the  covei* 
enamel  it  would  effect  the  slush  coat  in  the  same  way. 
Those  bul)l)les  would  come  out  through  one  coat  the  same 
as  through  the  other.  It  may  be  that  it  has  some  such 
function  as  that,  but  I  think  that  is  of  minor  iin|)ortance, 
at  any  rate,  when  compared  to  the  union  of  tlic  iron  with 
the  cover  coat  and  to  the  prevention  of  tlic  iron  from  be- 
coming oxidized  while  lionting  to  such,  a  tcnipci-alure  that 
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the  white  A\ill  adhere.  It  may  be  that  you  can  make  a 
white  groimd  or  slush  e6at  for  cast  irou,  but  exper- 
ience in  sheet  steel  work  has  shown  that  a  grovmd  coat 
must  be  colored.  I  liave  done  considerable  work  tryiiio-  to 
make  a  light  colored  ground  coat.  You  can  make  light 
colored  enamels  and  apply  them  as  ground  coats  and  get 
some  that  will  adhere,  1>ut  if  you  get  a  ground  coat  to 
adhere  it  does  not  matter  what  its  color  it  when  applied, 
by  the  time  it  is  burned  suflficiently  to  adhere  to  the  steel, 
there  will  be  sufficient  iron  united  with  the  enamel  to  color 
it,  so  that  you  have  got  the  color  at  any  rate.  And  the  color 
agents  which  are  ordinarily  used  on  ground  coats  have 
the  property  of  causing  the  enamel  to  adhere  better  than 
enamels  which  have  not  these  coloring  agents.  The  agents 
I  have  reference  to  are  cobalt,  nickel  and  manganese.  All 
three  of  these  have  some  properties  which  I  do  ncn  know, 
causing  enamel  to  adhere  better  than  enamels  that  do  not 
contain  those  ingredients. 

3Ir.  Purdij:  It  is  easy  to  enamel  brass  or  any  other 
of  the  metals,  but  very  difficult  to  enamel  cast  iron  suc- 
(•essfully.  The  slush  coat  is  used  to  not  only  prevent 
the  scaling  of  the  iron,  but  also  as  a  cement,  if  you  will. 
The  metallic  oxide  forms  the  bond  between  the  enamel 
and  the  cast  iron.  Color  is  not  the  reason  for  using 
a  given  metallic  oxide.  It  happens  that  the  metallic  oxides 
which  best  forms  this  bond  gives  a  color.  The  color  is  not 
the  main  consideration,  it  is  merely  co-incident. 

Mr.  Frinl':  We  find  that  the  free  carbon  in  cast  iron 
unless  it  is  maleable  iron  prevents  our  glass  from  adher- 
ing, and  I  was  wondering  if  this  is  a  parallel  condition.  If 
you  have  tho^e  metallic  oxides  in  there,  isnt'  it  possible 
that  that  is  an  added  advantage  on  account  of  the  fact  of 
the  small  amount  of  cabon  not  libeated  at  the  surface 
going  to  reduce  these  metallic  oxides?  Is  that  necessarily 
due  to  the  iron,  or  may  it  not  be  a  combination  of  iron 
oxide  and  carbon?  You  know  cast  iron  doe*-;  not  oxidize 
nearlv  as  freelv  as  some  of  the  so-calle-l  mihlcr  steels. 


THE  EFFECT  OF  VARYING  SIZES  AND  PERCENT- 
AGES OF  QUARTZ  GRAINS  UPON  THE 
POROSITY  AND  SHRINKAGE  OF 
KAOLIN. 

BY 

S.  L.  Galpin,  Ithata,  N.  Y. 

Ceramic  practice  is  well  acquainted  with  the  general 
effects  produced  in  clay  wares  through  the  admixture  of 
sand  or  ground  quartz.  The  particular  influence  of  varied 
percentages  and  sizes  of  quartz  grains,  however,  is  hypo- 
thetically  known  rather  than  experimentally  proven.  The 
data  of  this  paper  have  been  collected  in  order  to  confirm, 
wliere  possible,  the  existing*  theories. 

METHODS  OF  INVESTIGATION. 

The  experimental  work  from  which  these  results  have 
been  obtained  consisted  mainly  in  measuring  the  porosity 
and  shrinkage  of  two  series  of  small  bricks  composed  of 
kaolin,  and  mixtures  of  kaolin  with  varied  percentages  and 
sizes  of  ground  quartz. 
Series  I. 

The  kaolin  used  wa><  the  washed  material  from  the 
Harris  Clay  Company  near  Webster,  N.  C,  which  was 
easily  made  ready  by  crushing.  The  quartz  sands  were 
-sized  by  sieving  into  the  following  seven  groups:  (1) 
''Finest,"  a  quartz  flour  showing  fairl,y  even  grain  under 
the  microscope;  (2)  "150  mesh,"  sands  held  on  200  after 
passing  the  150  sieve;  (3)  "100  mesh,"  through  100,  held 
upon  150;  (4)  "80  mesh,"  through  SO,  heki  upon  100; 
(5)  "60  mesh,"  held  upon  80  after  passing  60;  (6)  "40 
mesh,"'  held  upon  60,  through  40;  (7)  "20  mesh,"  through 
20  and  held  on  the  40  inesli  sieve. 

Mixtures  of  tlic  kaolin  \\ith  10,  20  and  30  per  cent 
respectively  of  each  sand  were  i>i'cpared,  made  plastic  by 
the  addition  of  Avater,  and  moulded,  under  a  pressure  of 
twenty  pounds  per  squai-e  inch  exerted  for  three  minutes, 
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in  0  bi-K-l    ,4"x  l"x  .?4",.    Six  test  pieces  were  made  from 
ead,  mixtui-e.  <_)u  removal  from  the  mould  the  bricks  were 
allowed  to  stand  for  fifteen  minutes  before  markins  oil  the 
lines  by  which  to  measure  the  linear  shrinkage.    This  was 
done  as  the  fresher  test  pieces  were  easilv\leformed  bv 
slight  pressures.    Several  tests  showed  a  rapid  .shrinkage 
in  the  bricks  during  the  fifteen  minute  inter,al  between 
mou  dmg  and  marking,  .75%  shrinkage  being  about  the 
maximum      rsuall.v  this  shrinkage  was  greatest  in    he 
mix  ures  from  which  some  water  wa.s  squeezed  duriuo-  the 
moulding  (and  dec-reased  in  rate  greatly  after  10  or  15 
minutes  .    After  drying  in  an  air  bath  the  linea    sMnk 
ages  and  weights  of  the  bricks  were  determined.  ^  They 
^■ere  then  saturated   with  kerosene,  weighed,  and   thdr 
volume  determined  in  a  Seger  Volumeter 

dividtfinto"""'  ""  '"  *™'''  "'  "'^  <*"'  "-e  series  was 
divided  into  six  groups,  each  containing  a  representative 
of  every  mixture.  The  burning  was  done  in  a  Se'"  i  .^^is 
'Tund-ofen,-'  and  for  convenience  each  group  ;a,subcH 

^i,  so  Tl  /'„'"'  '"  "'"  "''"-"^  temperature,  or 
tures  the  different  groups  were  burned : 


GROUP 

^ 

CONE 





I  .... 

1 

01ft 

08 
08 
08 
08 
08 
08 

1 

i 

i 

5 
5 
5 

'9 

i2 

12 

1 

II  ... 

ftl  A 

14 

Ill   .. 

1       01 0 

IV     .. 

I      01ft 

,   , 

V    ... 

1       ftl  ft 

14 

VI     .. 

ni  A 

____L____ 

Measurements  of  volume,  dry  and  saturated  weio-ht 
were  made  after  each  burn,  from  which  the  porosity  and 
formul^l'-''   '^''''°^''"'^  '''^''^  calculated,   l,y  the  following 

yo  Porositv= — 
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ill    wiiicli    \\'  =-■  dry    \vt.      W,  =  saturated    wt.,   and    V  = 
volume. 

%       Volumetric  Slirinka^e=^;-  — 

where   \' r-=  volume  of  dry  uiil)urii(Ml   l)i-ick,   \',  -- volume 
after  burn  in  question. 

Tli(^  results  were  averaged  whenever  possible  and 
plotted  upon  curves,  which,  although  shoAving  some  points 
well,  were  rather  irregular  to  be  satisfactory,  and  for  that 
reason  a  new  series  of  bricks  was  prepared  and  tested  as 
follows : 
Series  II. 

Kaolin  was  mixed  with  10,  20,  30  and  -10%  respec- 
tively of  the  "finest"  100  mesh,  60  mesh  and  20  mesh  sands, 
greater  care  lieing  taken  to  secure  uniform  plasticity  for 
all  mixtures  when  preparing  them  for  the  mould.  In 
making  some  of  the  bricks  for  the  first  Series,  the  pressure 
of  20  lbs.  per  square  inch  was  so  great  that  water  was 
squeezed  out  of  the  clay,  softening  the  sides  and  edges  of 
the  brick,  and  causing  warping.  In  order  to  avoid  this 
the  bricks  of  Series  II  were  made  under  a  pressure  just 
sufficient  to  fill  the  corners  of  the  mould  thoroughly. 

In  burning,  the  groups  of  bricks  were  so  arranged 
that  comparisons  could  be  made  between  any  two  groups 
at  the  same  burn,  and  where  obvious  corrections  were 
made  for  over  or  under  burning.  Each  group  was  fired 
successively  to  2240°F  (122(^0)  or  (^one  5),  23T0^F 
(1300°C)  (or  about  cone  8V2),  2110° F  (1321°C)  (Cone 
91/4)  ;  temperature  measurement  l)eiiig  done  with  thermo- 
couple and  pyrometric  cones.  The  burns  v^ere  carried  on 
slowly  in  order  to  secure  thorough  and  uniform  h(^aring 
throughout  the  muffle. 

The  results  of  series  I  were  satisfactory  for  burns  at. 
cones  010  and  ],  and  these  burns  were  omitted  for  that 
reason  in  the  firing  of  the  second  series.    As  yet  the  mix- 
tures of  series  II  have  not  been  liurned  above  about  cone 
9I/0,  although  it  is  intended  to  carry  them  as  high  as  cone 
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14  or  15.  Series  one  was  carried  up  to  cone  14,  and  even 
at  that  temperature  tlie  shrinkage  and  porosity  changes 
showed  no  great  progressive  irregularities. 

Duplicate  detrminations  of  specific  gTavity,  porosity 
and  volumetric  shrinkage  were  made,  and  averaged  for  the 
final  results  which,  for  convenience,  have  been  plotted 
upon  the  accompanying  charts.  The  Sp.  G's.  were  deter- 
mined by  the  formula : 

W 

Si).  0. 


where  ^A' 


V— A 

drv  weight;  y  = 


measured  volume:  A  =  ab- 


sorption. 

Explanation  of  Charts. 

Chart  Xo.  1  shoAvs  in  the  first  column  the  percentage 
of  water  in  the  plastic  dough.  The  irregularities  in  the 
curve  representing  the  results  for  the  finest  quartz  mix- 
tures are  due  to  experimental  error.     Comparison  of  the 
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four  curves  shows,  however,  that  an  increase  either  in  the 
percentage  of  quartz  or  in  the  size  of  tbe  grain  reduces  the 
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amount  of  water  required  to  produce  a  uniform  plasticity 
in  the  mixtures.  It  would  seem  that  theoretically  these 
curves  should  be  straight  lines,  at  least  for  tlie  coarser 
textures. 

The  second  column  of  curves  represents  tlie  plotted 
results  for  porosities  of  the  green  mixtures.  Tlie  great 
irregularity  of  the  upper  curve  is  thought  to  be  dependent 
ujjon  the  irregularities  of  the  percentage  wate^r  curve  for 
the  same  mixtures.  That  is  to  say,  if  too  little  water  is 
added  in  mixing  a  clay,  a  higher  value  for  the  porosity 
will  result  than  that  obtained  when  the  proper  amount  is 
used.  The  dotted  line  in  the  third  curve  of  this  column 
represents  a  correction  which  duplicate  test  pieces  indi- 
cated should  be  made.  The  porosity  ( urves  show  that  in- 
crease in  size  of  grain  or  i>ercentage  of  quartz  (within  the 
limits  of  the  experiment)  decreases  the  porosity  of  the 
unburned  mixtures. 

Column  three  represents  the  effects  of  varying  mix- 
tures on  linear  air  shrinkage.     The  upper  curve  of  this 
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series  should  also  be  corrected  for  the  irregularities  in  the 
amounts  of  water  added   to   the  various  mixtures.     Too 
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little  water  in  the  mixture  would  reduce  the  air  shrink- 
age, and  the  low  contraction  shown  by  the  40  per  cent 
mixture  is  thought  to  have  been  caused  in  this  way.  It  is 
not  best  to  place  too  much  reliance  upon  the  results  for 
linear  shrinkage,  as  they  are  usually  rather  irregular. 
They  seem  to  show  a  decrease  of  shrinkage  with  increase 
in  size  of  grain,  or  with  increase  in  percentage  of  quartz 
added  to  the  mixture. 

Chart  No.  II  shows  the  volumetric  shrinkage  and  po- 
rosities for  the  mixtures  after  three  separate  burns,  the 
first  to  2240  =  F  (1226°C)  ;  the  second  to  2370° F  (1300^ C)  ; 
and  the  last  to  2410° F  {1321°0). 

In  the  first  column  are  the  curves  showing  the  changes 
in  volumetric  shrinkage  when  the  percentage  of  quartz  is 
increased  in  the  mixtures.  It  may  be  seen  that  the  effects 
are  regular  for  the  three  coarser  textures,  at  each  burn, 
but  that  with  th  finest  mixtures  there  is  a  decided  in- 
crease in  the  shrinkage  of  the  10  and  20  per  cent  mixtures. 
The  30%  mixture  shows  a  large  increase  between  the  first 
and  second  burns,  but  at  the  last  burn  the  increase  is  pro- 
portionally less. 

The  second  column  shoA>'s  curves  of  average  porosity 
for  the  same  burns  represented  in  column  I.  At  the  first 
glance  they  seem  hopelessly  irregular,  but  further  study 
develops  some  general  regularities.  Beginning  with  the 
upper  series  it  appears  first,  that  10%  of  the  finest  quartz 
reduces  the  porosity  in  increasing  proportion  with  the 
higher  burns,  as  shown  by  the  dips  of  the  upper  limbs  of 
each  curve.  The  20%  mixture  shows  less  reduction  of  the 
porosity  at  the  first  burn,  but  at  the  succeeding  ones  shows 
a  gTeater  proportional  reduction.  The  30  and  40%  mix- 
tures show  an  increased  porosity  over  the  neat  kaolin  at 
the  lowest  burn,  but  with  the  higher  two,  they  show  a 
proportional  reduction  of  porosity  especially  marked  at 
the  second  burn. 

The  curves  for  the  remaining  mixtures  show,  in  gen- 
eral, the  opposite  tendency,  i.  e.,  at  the  loAvest  burn  the 
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mixtures  reduce  the  porosity  with  increased  perceutage  of 
quartz,  while  at  the  two  higher  burus  they  increase  the 
porosity  as  compared  to  that  of  the  neat  Icaolin,  although 
there  is  a  real  decrease  from  burn  to  burn  except  in  the 
30%  mixture  of  20  mesh  quartz,  which  shows  an  increase 
between  the  first  two  burns,  but  thereafter  a  decrease.  It 
may  also  be  noted  that  the  higher  percentage  mixtures  of 
of  the  three  coarser  textures  show  much  smaller  changes 
in  porosity  at  the  different  burns  than  do  the  lower  per- 
centages. 

Chart  III  represents  the  effect  of  increasing  the  size 
of  grain  of  the  quartz  on  the  shrinkage  and  porosity  of  the 
mixtures  for  two  burns,  the  heavy  lines  representing  val- 
ues obtained  after  the  burn  to  241 0°F   (1321^0)   and  the 
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lighter  lines  showing  the  results  after  the  burn  to  2240"F 
{1226°C).  The  results  obtained  after  firing  to  23T0°P 
(1300°C)  are  not  plotted,  as  they  seem  in  every  respect 
intermediate  between  those  shown. 

It  mav  be  noted  that  most  of  tlic  curves  sliow  a  rather 
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sharp  deflection  between  the  "finest"  and  the  100  mesh 
mixtures.  This  is  due  to  the  fact  that  the  values  for  the 
Imest  mixtures  have  been  plotted  on  the  curve,  as  if  there 
were  no  greater  ditTerence  in  size  of  jLirain  between  the 
'•finest""  and  100  mesh,  than  between  the  100  and  60  mesh. 
The  result  is  a  foreshortening  and  consequent  deflection  of 
the  curves. 

Examination  of  the  curves  upon  the  left  side  of  the 
chart  Avill  show  (1)  that  for  the  shrinkages  at  the  lower 
burn  there  is  regular  decrease  with  increase  of  size  of 
grain,  the  coefficient  of  this  decrease  varying  directly  with 
the  percentage  of  quartz  in  the  mixtures.  That  is,  the 
reduction   of   shrinkage   by   increase  in   size   of  grain   is 
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about  twice  as  great  fur  the  'liV/c  mixtures  as  for  the  10%, 
and  so  on. 

(2  I      The  same  relation  seems  to  hold  for  the  results 
at  the  liigher  burn.     Tomparison  of  the  curves  of  shrink- 
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age  for  the  two  burns  shows  that  the  coarser  mixtures  are 
affected  less  with  the  succeediugly  higher  burns  than  are 
the  finer  mixtures. 

The  curves  of  the  porosity  results  fall  into  two  groups 
according  to  the  temperature  to  which  the  mixtures  had 
been  burned.  It  may  be  seen  that  at  the  lower  burn,  the 
increase  in  percentage  of  the  finest  quartz  in  the  mixtures 
increases  the  porosity,  while  the  opposite  is  true  in  the 
case  of  the  20-mesh  mixture.  The  100-mesh  mixtures  re- 
present one  of  the  transition  stages.  The  effect  of  the 
size  of  gTain  on  the  different  mixtures  burned  to  2240°  F 
(1226°C)  seems  to  be  roughly  as  follows:    Increase  in  size 
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of  grain  on  (1)  ten  per  cent  mixtures  increases  the  poros- 
ity, (2)  twenty  per  cent  mixtures  increases  porosity  to  a 
less  degree,  (3)  thirty  per  cent  mixtures  decreases  poros- 
ity down  to  60  mesh  size,  increasing  it  with  the  coarser 
textures,  (4)  forty  per  cent  mixtures  decrease  the  porosity 
slightly. 
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Considerable  similarity  is  shown  by  the  curves  for  the 
higher  burn  to  those  of  the  lower,  the  difference  being 
mainly  in  relatively  greater  reduction  of  porosity  in  the 
finer-textured  mixtures  than  in  the  coarser  ones.  It  may 
also  be  seen  that  incretse  in  size  of  grain  in  the  mixtures  is 
accompanied  by  a  corresponding  increase  in  porosity. 

Chart  IV,  V,  VI,  and  VII  represent  the  progressive 
changes  in  shrinkage  and  porosity  at  succeedingly  higher 
burns.  The  upper  curves  represent  the  fire  shrinkages 
with  a  value  of  0  at  40-60°  F,  with  the  porosity  shown  by 
the  green  mixtures.  The  lower  curves  show  the  porosity 
changes  starting  at  40°-60°F.  It  is  readily  seen  that  the 
differences  in  porosity  are  less  in  the  burned  wares  than 
the  differences  in  shrinkage.  Furthermore,  the  porosity 
of  the  unburned  mixtures  seems  to  affect  the  position  of 
their  curves,  especially  in  the  finest  mixtures.     Although 
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the  actual  porosities  do  not  show  it,  the  curves  indicate 
the  relative  changes  in  porosity  and  shrinkage  well. 
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In  chart  IV,  the  curves  indicate  that  the  mixtures  are 
decreasing  in  porosity  more  rapidly  than  the  neat  kaolin, 
while  the  shrinkage  curves  show  that  at  the  higher  temper- 
atures the  rate  of  contraction  of  the  mixtures  is  close  to 
that  of  the  kaolin. 

Charts  V,  VI,  and  VII,  show  in  general  the  rate  of 
increase  in  shrinkage  and  the  rate  of  decrease  in  porosity 
with  rising  temperatures  are  less  for  the  quartz  mixtures 
than  for  the  neat  kaolin,  the  higher  the  percent  of  quartz 
the  lower  the  rate  of  change  in  both  porosity  and  shrink- 
age. The  peculiarities  of  the  porosity  curves  for  the  100 
inesh  mixtures  should  he  noted.     The  higher  percentage 
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mixtures  show  little  or  no  change  in  porosity  for  the  high- 
er burns.  Charts  VI  and  VII  do  not  show  similar  results. 
Chart  No.  VIII  shows  the  changes  which  take  place 
in  the  specific  gravity,  in  the  different  mixtures.  For  the 
finest  mixtures  it  is  seen  to  decrease  more  rapidly  in  the 
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test  pieces*  up  to  20%  quartz,  the  higher  percentages  show- 
ing a  lower  rate  of  decrease.  In  the  coarser  mixtures  the 
density  decreases  from  the  first  to  the  second  burn,  but 
increase  with  the  last  and  highest  firing,  the  effects  being 
more  pronounced  for  the  100  and  20  mesh  mixtures  than 
for  those  of  60  mesh.  The  points  of  maximum  specific 
gravity  represented  upon  these  curves  are  conjectural,  the 
determinations  being  made  only  on  the  green  brick,  and 
after  each  of  the  three  burns  as  indicated  on  the  chart. 

Interpretation  of  Results. 

An  interpretation  of  the  foregoing  results  is  problem- 
atic but  interesting.  The  mixtures  tested  may  be  said  to 
be  composed  of  two  kinds  of  substances  (1)  crystalline 
and  (2)  non-crystalline  or  colloidal.  Fine  grinding  re- 
duces the  crystalline  substances  to  a  finer  texture,  and  the 
theoretical  limit  of  the  subdivision  of  the  crystalloid  par- 
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tides  would  be  the  molecule  at  which  point  the  substance 
would  become  colloidal,  that  is,  composed  of  molecules 
having  no  definite  arrangement  with  each  other.  Particles 
or  grains  of  this  colloidal  substance  are  more  easily  broken 
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down  into  molecules  than  are  crystalline  grains,  so  much 
SO  in  fact  that  the  addition  of  water  is  sufficient  in  some 
cases  to  bring  about  ''defiocculation,''  In  other  cases  the 
presence  of  some  electrolyte  is  required  to  accompli sli  this 
disintegration.  The  crystalline  particles  remain  intact 
when  water  is  added  to  them,  the  bonds  of  crystallization 
holding  the  molecules  together.  The  result  is  that  a  given 
amount  of  colloid  will  expose  a  much  greater  surface,  in 
proportion  to  its  mass  than  a  crystalloid,  from  which  it 
follows  that  the  effects  of  surface  tension  will  be  propor- 
tionally greater  in  the  colloid. 

It  seems  safe  to  assume  that  practically  all  clays  are 
composed  of  crystalline  and  non-crystalline  particles, 
which  become  surrounded  by  thin  films  of  water  when  the 
clay  is  tempered.  Sojue,  or  at  times  nearly  all,  of  the 
colloidal  particles  disintegrate  into  molecules  in  the  pres- 
ence of  water,  and  each  molecule  becomes  surrounded  by 
a  thin  film.  These  thin  films  greatly  reduce  the  internal 
friction  of  the  clay  mass  allowing  deformation  under  pres- 
sure, but  preventing  rupture  mainl^^  through  their  surface 
tension  phenomena.  (It  seems  that  intermolecular  attrac- 
tions might  tend  to  hold  the  mass  together,  but  they  are 
supposed  to  be  slight  in  colloidal  substances.)  The  fine 
grinding  of  crystalline  substances  develops,  to  a  slight 
degree,  similar  properties,  and  the  addition  of  defloccu- 
lating  agents  to  clays  increases  this  property  in  them,  by 
increasing  the  actual  amount  of  wetted  surface.  It  would 
seem  then  that  plasticity  is  a  phenomenon,  based  directly 
upon  surface  tension,  and  developed  mainly  through  the 
presence  of  colloidal  substance. 

As  a  wetted  clay  dries  the  films  of  water  surrounding 
the  particles  become  thinner,  drawing  the  clay  molecules 
together,  resulting  in  "air-shrinkage."  The  amount  of  this 
depends  largely  upon  the  amount  of  colloidal  matter  and 
the  presence  of  coarse  particles,  which  may  form  bridge- 
like structures  within  the  clay;  the  former  increases  while 
the  latter  hinders  the  shrinkage  of  the  whole.    The  results 
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obtaiiied  from  measurements  of  the  kaoliu-quartz  mix- 
tures, agree  with  this  view.  The  greater  shrinkage  in  the 
finer  grained  mixtures  is  probably  due  to  the  greater  sur- 
face tension  developed  in  them.  The  reduction  of  the 
amount  of  water  used  in  tempering  the  coarser  mixtures 
corroborates  this  point. 

The  addition  of  non-porous  particles  to  a  porous  mass 
should  reduce  the  porosity  in  that  mass  to  a  point  where 
the  added  particles  become  so  numerous  that  the  spaces 
between  them  are  not  entirely  filled  by  the  original  sub- 
stance. The  results  obtained  are  not  at  variance  with  this 
view.     (See  chart  I.) 

When  the  kaolin-quartz  mixtures  were  heated  they 
first  expanded  and  became  more  porous  up  to  a  tempera- 
ture somewhere  below  cone  010.  At  higher  temperatures 
contraction  began  and  increased  with  greater  heat  as  in- 
dicated on  charts  IV  to  VII.  The  expansion  may  be  attri- 
buted to  "permanent  swelling,"  and  the  increase  in  poros- 
ity to  the  same,  aided  by  the  loss  of  water  from  the  hy- 
drous clay  minerals.  The  subsequent  contraction  is  as- 
cribed to  the  fiisiou  of  some  particles  in  the  clay,  the 
liqid  formed  exerting  surface  tension  on  the  surrounding 
particles,  drawing  those  free  to  move  closer  together.  The 
addition  of  a  non-fusing  substance  would  retard  the 
shrinkage  by  lowering  the  amount  of  fusible  material.  The 
mixtures  of  high  quartz  percentages,  and  especially  those 
of  coarser  gTain,  would  seem  to  retard  the  shrinkage 
further  by  the  formation  of  a  more  or  less  solid  frame 
work  of  quartz  grains  through  the  clay,  which  would,  at 
the  same  time,  increase  the  porosity.  The  finer  the  texture 
the  less  the  tendency  to  form  these  frameworks  because  of 
the  more  even  distribution  of  quartz  and  kaolin.  An  ex- 
amination of  Charts  II  and  III  shows  that  the  experi- 
mental evidence  favors  this  view. 

The  progressive  changes  shown  in  the  specific  gravi- 
ties for  the  members  of  the  series  are  interesting  (See 
chart  VIII).    It  seems  certain  that  the  increase  in  specific 
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gravity  of  the  bricks  does  not  represent  an  actual  increase 
in  the  specific  gravity  of  the  particles,  as  they  should  show 
the  reverse  with  rising  temperature.  The  only  plausible 
explanation  would  tlien  be  on  the  grounds  of  change  in 
porosity.  That  is  to  say :  those  Ijricks  which  show  an 
increase  in  specific  gravity  from  2370 °F  to  2410° F,  do  so 
because  some  closed  pores  or  gas  spaces  have  been  opened 
up,  giving  a  more  nearly  true  result.  Examination  of  the 
porosity  results  strengthens  this  view,  Avhile  the  test  pieces 
themselves  almost  confirm  it,  as  the  mixtures  showing  a 
reduced  specific  gravity  are  found  to  contain  many  round- 
ed vesicles  which  are  less  frequent  in  the  others.  As  men- 
tioned above,  the  fine-grained  mixtures  would  probably 
tend  less  to  form  frameworks  of  quartz,  which  would  aid 
the  formation  of  a  dense  body.  In  the  case  of  the  coarser 
grains  there  would  be  the  opposite  inclination,  in  fact  it 
seems  probable  that  closed  pores  would  be  torn  open  by 
the  surface  tension  of  the  fused  substances,  because  of  the 
solid  foundation  of  quartz  grains  away  from  which  the 
clay  would  pull,  forming  open  channels  increasing  the 
measurable  porosity. 

CONCLUSIONS. 

The  practical  conclusions  which  it  seems  may  be 
drawn  from  the  results  of  the  experiments  are  summarized 
as  follows: 

I.  The  addition  of  ground  quartz  to  a  refractory  clay 
reduces  its  air  and  fire  shrinkage  directly  with  the  amount 
added. 

II.  The  porosity  of  the  green  wares  is  reduced,  that 
of  the  burned  wares  increased  by  the  addition  of  quartz 
grains.  (This  holds  only  when  there  are  no  substances 
present  which  will  flux  the  quartz). 

III.  The  admixture  of  quartz  reduces  liability  to 
warping  and  cracking  of  the  burned  wares. 

IV.  The  fine-grained  mixtures  tend  to  produce  gas 
vesicles  at  higher  temperatures. 
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V.  The  greater  percentage  of  quartz  in  the  mixtures 
the  less  water  used  in  tempering. 

VI.  The  coarser  the  grains  in  the  mixtures,  the  great- 
er the  reduction  of  shrinkage  and  the  less  the  reduction  of 
porosity;  the  less  water  required  in  tempering,  the  less 
the  tendency  to  warp  or  crack  in  burning;  the  fewer  the 
gas  vesicles  formed  in  the  ware. 

The  experimental  work  from  which  these  conclusions 
are  drawn  was  carried  on  in  the  geological  laboratories  at 
Ithaca  under  the  direction  of  Professor  Kies.  The  mater- 
ials used  were  gratuitiously  furnished  by  the  Harris  Kao- 
lin Company  and  the  New  England  Quartz  and  Spar  Com- 
pany. It  is  hoped  that  further  progress  with  the  tests 
may  soon  be  reported. 


THE  RELATION  BETWEEN  THE  POROSITY  AND 
CRUSHING  STRENGTH  OF  CLAY  PRODUCTS.* 

BY 

A.  V.  Bleininger,  Pittsburg,  Pa, 

It  is  evident  that  the  compressive  strengtli  cannot  be 
correlated  with  the  porosity  for  all  clays,  but  that  such  co- 
ordination must  be  restricted  to  the  same  clay  made  into 
the  shape  to  be  tested  under  uniform  conditions.  The 
crushing  strength  of  burnt  clay  increases  primarily  with 
the  hardening  of  the  material  itself,  and  secondarily  with 
the  decrease  in  pore  space.  Again,  no  product  is  uniform- 
ly strong  in  all  directions;  according  to  the  method  of 
manufacture  it  will  be  stronger  along  one  plane  than  along 
others.  Also,  the  question  of  abnormal  structure,  such  as 
auger  lamination,  enters  as  an  important  factor. 

Owing  to  the  fact  that  clay  products  in  actual  use  are 
never  taxed  beyond  a  small  proportion  of  their  ultimate 
strength,  this  whole  problem  would  appear  to  be  largely 
an  academic  one,  were  it  not  that  the  compressive  strength 
serves  as  a  criterion  for  the  differentiation  between  the 
various  grades  of  clay  brick  or  the  comparison  between 
clay  and  otlier  makes  of  bricks,  such  as  those  made  by  the 
sand-lime  process. 

For  the  first  purpose  it  seems  necessary',  in  order  tliat 
it  may  be  possible  to  adopt  specifications  insuring  to  the 
user  products  of  reasonable  strength.  Any  one  familiar 
with  the  various  grades  of  bricks  used  throughout  the 
country  is  aware  of  the  fact  that  the  quality  considered 
satisfactory  in  one  city  would  be  rejected  in  another. 
While  for  most  practical  purposes  this,  perhaps,  would 
not  be  an  important  matter,  yet  in  certain  types  of  con- 
struction, such  as  piers  used  for  Avarehouses  or  for  carry- 
ing heavy  machinery,  it  becomes  a  desideratum.  The  ten- 
dency to  use  lighter  walls  to  compete  with  concrete,  the 

*  By  permission  of  the  Director,  U.  S.  Geological  Survey. 
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conipetitiou  between  clay,  sand-lime  and  cement  brick,  and 
the  necessity  of  possessing  requirements  capable  of  legal 
interpretation,  are  all  reasons  why  more  attention  should 
be  given  to  this  subject.  Again,  it  does  not  seem  fair  to 
make  no  differentiation  between  a  well  made  and  well 
burnt  product  and  an  inferior  one,  as  is  now  the  case  in 
many  places.  At  present  the  average  contractor  looks  more 
to  cheapness  than  quality. 

Steps  have  been  taken  to  remedy  this  condition,  and 
the  National  Underwriters'  Association,  the  American 
Society  for  Testing  Materials  and  the  Technologic  Branch, 
U.  S.  G.  S.,  have  adopted  preliminary  specifications  gov- 
erning building  brick.  Those  of  the  American  Society  for 
Testing  Materials  may  be  taken  to  express  the  average  re- 
(juirements  of  these  specifications,  and  briefly  they  are  as 
follows  :^ 

Tests  required :     1.     Transverse  Test. 

2.  Compression  Test. 

3.  Absorption  Test. 

4.  Freezing  and  thawing  tests. 

In  the  transverse  test  the  brick  is  laid  flatwise  with  a 
span  of  7  inches.  The  modulus  of  rupture  should  corres- 
pond to  the  following  values : 

Average         Minimum 

Sample  thoroughly  dry 400  lbs.  325  lbs. 

Thoroughly  saturated 275  lbs.  225  lbs. 

After  freezing  and  thawing 275  lbs.  225  lbs. 

In  the  compression  test  the  half  bricks  resulting  from 
the  transverse  test  are  used.  The  bricks  are  bedded  flat- 
wise, even  bedding  being  secured  by  the  use  of  blotting 
paper,  or  better  by  means  of  plaster.  The  requirements 
are: 

Average  Minimum 

per  sq.  in.         per  sq.  in. 

Sample  thoroughly  dry 3000  lbs.  2500  lbs. 

Thoroughly  saturated 2500  lbs.  2000  lbs. 

After  freezing  and  thawing 2500  lbs.  2000  lbs. 

^  Proceedings  Am.    Soc.    for   Testing-  Materials.   Vol.    9.    p.   131. 
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lu  the  absorption  test  five  half  bricks  are  immersed 
iu  water  to  a  depth  of  1  inch  in  a  covered  container.  After 
48  hours  the  absorption  shall  not  be  more  than  15%  of  the 
dry  weight  of  the  bricks. 

In  the  freezing  and  thawing  tests  five  whole  bricks  are 
saturated  with  water,  immersed  in  ice  water  for  one  hour 
and  then  subjected  to  a  temperature  of  less  than  15°  F.  for 
five  hours,  all  faces  of  the  samples  being  exposed.  The 
bricks  are  thawed  in  water  of  not  less  than  150"^  F.  for  one 
hour.  This  is  to  be  repeated  twenty  times.  No  cracking 
or  serious  spalling  or  disintegration  shall  be  caused  by 
(his  treatment. 

The  committee  which  drafted  these  specifications  wise- 
ly considers  them  as  tentative,  and  it  is  evident  that  there 
are  several  points  which  need  further  discussion.  These 
include  such  questions  as  the  method  of  carrying  on  the 
compression  test,  the  determination  of  the  permissible  ab- 
sorption limit,  the  method  of  making  the  transverse  test, 
the  simplification  of  the  freezing  and  thawing  test,  the 
value  of  determining  the  rate  of  water  absorption,  and 
several  others. 

It  is  proposed  in  this  paper  to  take  up  only  tlie  first 
two  points. 

The  testing  of  half  bricks  bedded  fiatwise,  which  un- 
fortunately is  a  common  practice,  is  seriously  handicapp<sl 
by  the  large  experimental  error  due  to  the  shape.  Any  one 
who  has  done  brick  testing  is  familiar  with  the  fact  that 
it  is  a  difficult  matter  to  determine  the  failing  point  of  the 
specimen,  and  frequently  it  is  observed  that  the  load  will 
continue  to  rise  in  spite  of  the  fact  that  the  brick  has  gone 
to  pieces  and  seems  to  show  a  kind  of  gradual  flow.  With- 
out attempting  to  give  figures,  the  fact  remains  that  the 
error  certainly  is  large.  Theoretical  considerations  show 
that  the  cube  or,  still  better,  the  prism  of  square  cross 
section,  the  height  of  whicli  is  one  and  one-lialf  times  the 
breadth,  gives  best  results,  which  is  shown  by  the  symme- 
trical appearance  of  the  fracture  planes.  In  the  German 
practice  of  making  brick  tests,  two  half  bricks  are  cemented 
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tc^etii^r  by  means  of  ^  thin  Portland  cement  mortar  joint 
to  to-m  a  prism,  aii4  the  result.s  obtained  in  this  wav  ap- 
pear to  be  very  satisfactory.     lloAvever,  this  method  does 
n-ot  seem  to  find  favor  in  American  testing,  though  it  has 
mxich  to  recommfeiid  it.     The  only  alternative,  then,  is  the 
testing  of  the  half  brick  bedded  on  edge.     From  the  work 
^ilready  done  on  edge  testing  it  appears  quite  evident  that 
this  method  is  a  great  impro^ement  upon  the  flat  test,  in- 
asmuch as*  the  failing  point  is  distinguished  sharply,  thus 
overcoming  tl*e  great  objection  to  the  old  procedure.     In 
carrying  out  ftlie  test,  tlie  whole  brick  placed  on  some  soft 
material  Tifce  burlap  is  cut  in  two,  along  a  line  drawn 
across,  by  m^ns  of  a  shar]:*,  wide  chisel.    The  edges  of  the 
specimens  aa:*e  then  made  parallel  on  a  plate  glass  rubbing 
plate,  nsing:a  thick  pla«t:er  of  paris  piste  and  testing  witb 
a  delicate  s|:»irit  level  in  two  directions.  It  is  good  practice 
to  coax  the  sfurfaces  of  tlie  brick  coming  in  contact  witb  the 
plaster  Avith  -shellac,  allowing  the  latter  to  dry  before  true- 
ing  up.     The  bricks  tb^is  ti^eated  should  be  tested  on  the 
same  day  if  possible,  as  the  thin  plaster  coating  is  liable  to 
warp  some,  especially  if  the  bricks  ai'e  not  sliellacked.  The 
testing  machine  should  lj<e  equipped  with  spherical  bearing 
blocfo*^. 

The  natural  objection  to  testing  the  bricks  on  edge  is,, 
.of  course,  the  fact  that  they  are  not  placed  in  this  position 
■when  used.  This  point,  however,  is  not  of  importance, 
sance  the  comprefssion  strength  per  se  has  no  practical 
value  excepting  as  it  differentiates  between  good  and  poor 
materials.  Since  tlie  flat  test  is  handicapped  by  serious 
experimental  errors,  it  is  evident  that  the  advantage  must 
be  with  the  metliod  crushing  the  specimen  on  edge,  which 
at  least  furnishes  more  reliable  data  for  purposes  of  com- 
parison. 

It  is  impossible,  however,  to  calculate  from  the  com- 
pressive strength  on  edge  the  strength  when  tested  flat,  or 
vice  versa,  excepting  for  one  and  the  same  make  of  brick, 
owing  to  the  fact  that  the  structure  plays  an  important 
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part  iu  this  couuectiou.  It  is  evident  that  the  si(hi  cut 
brick  is  bound  to  show  a  different  compressive  strength, 
when  tested  on  edge,  from  the  end  cut  made  from  tlie  same 
clay.  It  seems  then  that  we  can  compare  only  side  cut 
with  side  cut  or  end  cut  with  end  cut  bricks,  and  even  in 
doing  this  considerable  discrepancies,  due  to  structure  ef- 
fects, are  bound  to  appear.  In  order  to  avoid  confusion 
then  no  attempt  should  l»e  made  to  refer  the  compression 
strengths  to  the  strength  when  tested  llatwise,  but  com- 
parison should  be  made  simply  on  the  basis  of  the  edge 
test.  If,  thus,  end  cut  bricks  show  different  strengths  froni 
side  cut,  this  cannot  be  helped. 

The  relation  between  the  strengths  of  lialf  bi-icks 
tested  flatwise  and  those  tested  on  edge  is  clearly  shown  in 
the  diagram  of  Fig.  1,  representing  17G  tests.  Here  the 
whole  bricks  were  cut  in  two,  one  half  was  tested  flatwise, 
the  other  on  edge.  The  samples  were  collected  by  Mr. 
H.  E.  Ashley  in  a  district  covering  a  radius  of  150  milo.s 
from  Washington,  D.  C  The  bricks  tested  were  of  the 
harder  grade,  and  practically  all  of  them  made  by  the  stiff 
mud  process.  This  work  was  done  at  the  request  of  the 
>Supervising  Architect,  with  instructions  to  collect  only 
materials  of  superior  quality.  Both  shale  and  clay  bride 
are  represented. 

Using  only  the  true  averages,  i.  e.,  results  in  which 
the  samples  were  subjected  to  tests  both  flat  and  on  edge, 
we  find  the  mean  value  for  the  flat  test  to  be: 

109584 

a.  —   =  6226  pounds  per  square  inch. 

The  average  for  the  edge  test  is : 

950212 

b.  =5399  pounds  per  square  inch. 

176  ^  '  ' 

a  6226 

The  ratio     = ---^1.153. 

b  5399 

In  the  diagram.  Fig.  1,  the  straight  line  represents 
this  ratio  between  the  two  kinds  of  tests.  It  is  evident  that 
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the  individual  tests  vary  widely  from  the  average  ratio  ou 
each  side  of  the  line. 

In  this  connection  it  is  important  to  recollect  that  the 
jjat  tests  represent  a  value  of  accuracy  considerably  lower 
than  that  for  the  edge  tests  and  this  is  the  source  of  a  good 
many  of  the  variations,  without  in  the  least  neglecting  the 
consideration  of  the  structure  effect. 

The  second  point  it  is  proposed  to  take  up  is  the  rela- 
tion between  the  porosity  (as  measured  by  the  water  ab- 
sorption) and  the  crushing  strength  (on  edge).  It  is 
proposed  to  carry  on  an  extensive  series  of  tests  along  this 
line  in  connection  with  freezing  tests.  At  the  present  time 
only  a  small  fraction  of  the  proposed  work  can  be  re- 
ported, which  consists  of  three  test  series. 

A.  The  correlation  between  the  water  absorption 
and  crushing  strength  of  178  bricks,  chiefly  stiff-mud, 
representing  the  work  done  for  the  Supervising  Architect 
mentioned  above. 

B.  A  series  of  tests  made  on  stiff-mud  shale  bricks 
of  medium  grade,  assorted  by  means  of  absorption  tests 
into  14  groups,  10  bricks  being  used  of  each.  These  bricks 
ai'e  from  the  same  yard  and  have  been  made  under  the 
same  conditions,  subject  to  the  variations  in  the  mixture 
of  the  several  strata  in  the  bank.    They  are  side-cut  bricks. 

0.  Compression  strength  tests  of  cylinders  about 
31/s;  inches  in  diameter  and  7i/s  inches  high.  These  were 
part  of  three  series  of  cylinders  3%'',  414''  and  GVs"'  in 
diameter,  with  heights  of  lYs'',  7W'  and  12%'^  The  main 
purpose  of  making  these  cylinders  was  the  determination 
of  the  modulus  of  elasticity  for  different  burning  tempera- 
tures and,  of  course,  incidentally  the  crushing  strengths 
and  porosities.  Unfortunately,  however,  it  was  found  that 
the  auger  structure  developed  gave  rise  to  serious  difflcul- 
ties  in  testing,  which  rendered  the  specimens  almost  use- 
less for  the  purpose  for  which  they  were  intended,  in  spite 
of  the  fact  that  in  external  appearance  they  seemed  to  be 
of  good  quality. 
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A.  The  results  of  this  series  are  j^resented  in  Table  1. 
Side-cut  bricks  are  indicated  by  (  -  ),  end-cut  bv  (x)  fal- 
lowing the  sample  number,  and  if  repressed,  by  the  letter 
R.  Those  marked  (*)  are  hand  made.  The  compression 
strength  is  given  for  both  the  flat  and  the  edge  test,  though 
only  the  latter  is  used  for  purposes  of  comparison.  The 
absorption  was  determined  by  placing  the  bricks  flat  in 
water  to  a  depth  of  one  inch  and  keeping  the  soaking  tank 
covered.  After  48  hours  immersion  the  bricks  were  again 
weighed  and  the  absorption  expressed  in  terms  of  the  dry 
weight. 

There  is  no  doubt  but  that  where  strict  accuracy  is 
desired  the  absorption  should  be  carried  farther  by  artifi- 
cial aids,  such  as  boiling  and  evacuating,  and  at  the  same 
time  the  true  and  apparent  specific  gravities  should  be  de- 
termined to  permit  of  the  calculation  of  the  actual 
porosity. 

TABLE  I. 


Crushing  Strength 


Tested  on 

Flat.  lbs. 

per  cq.  inch 


Tested  en 

Edge,  lbs. 

pfr  sq   inch 


Absorption 

9r 
by  weight, 
in  terms  of 
dry  brick 


Crushing  Strength 


Tested  on 
Flat.  lbs. 
per  sq.  inch 


Tested  on 
Edge.  lbs. 
per  sq.  inch 


Absorption 

'/f 
by  weight 
in  terms  of 
dry  brick 


14,560 
13,880 
14,.550 
15,900 
18,790 
6,570 
5,020 
4,180 
5,480 
12,450 
10,650 


6-  ... 

I  -  ... 

10-  ... 

11-  ... 

12-  ... 

13-  ... 
15-  ... 

17-  ... 

18-  I   15,300 

19-  10,660 

21-  I     6,710 

23-  i     7,250 

2.5-  !     4,330 

28-  I     4,880 

29-  !     6,550 

30-  I     5,510 

31-  !     6,610 

33-  I     9,470 

34x  I       ** 

3.5x  I     4,780 


8,479 
6,200 
7,880 
11,740 
13,260 
7,260 
3,768 
3,100 
4,220 
5,130 
5,660 
9,270 
7,880 
6,320 
6,315 
3,720 
5,770 
6,365 
5,960 
6,230 
** 

6,610 
4,350 


.13 

1.37 

1.45 

1.39 

1.11 

6.38 

10.05 

13.65 

11.70 


7.35 

7.78 
7.74 
10.03 
!  8.97 
i  10.04 
i  9.04 
I  7.05 
I  20.90 
I  14.83 


36x 
37* 
38* 
40x 
41x 
43x 
44x 
45x 
46x 
47x 
49x 

50-  . 

51-  . 
53-  . 
56-    . 

58-  . 

59-  . 
60-R 
61-R 
63-R 
6.5-R 
66-R 
67-R 


1 

4,600 

5,920 

3,750 

3,440 

6,640 

5,223 

7,980 

6,750 

4,990 

6,660 

3,880 

5,720 

4,680 

4,650 

5,330 

3,080 

2,892 

4,230 

3,832 

1,730 

16,150 

6,480 

9,420 

4,820 

8,270 

5,665   1 

6,380 

3,360  1 

5,640 

6,615 



1,795 

2,590 

2,630 

3,140 

4,185 

2,670 

2,916  I 

4,900 

3.930  1 

4,170 

3,160  1 

1     2,880 

2,900   1 

9.13 

14.72 

13.45 

8.31 

10.47 

11.21 

11.90 

12.68 

14.45 

13.91 

18.47 

0.30 

4.69 

6.35 

8.28 

12.39 

20.28 

11.46 

12.34 

15.21 

10.08 

10.87 

14.33 
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TABLE  I- Continued. 


Cruihine  Strength        AbsurpiioD 


Tested  on 

Flat  lbs 

per  ip.  inch 


Ttsted  on  in  weight. 
Ecgt  Ibi.  bv  lerms  of 
per  sq.  inch    dry  brick 


Crushine  Strencb 


Testtd  on 

Flat  lbs. 

per  sq-  inch 


Tes;ed  on 
Edee  iba- 
per  sq. inch 


Abaorption 

% 
by   weight, 
in  termi  of 

dry  briik 


68- 

70- 

71- 

72- 

73- 

75- 

78- 

79- 

80- 

81- 

82- 

83- 

84- 

85- 

86- 

89- 

90- 

92x 

93- 

94- 

96- 

98- 

100- 

102- 

103- 

104- 

106- 

107- 

110- 

112- 

113- 

115x 

117x 

llSx 

119x 

120x 

12  2x 

123x 

124x 

125x 

126x 

127- 

128- 

136- 

137- 

139- 

140- 

141- 


2,530 
3,860 
7,430 
5,950 
7,850 
7,180 
4,980 
7,220 
8,900 
2,105 
2,674 
2,748 
3,330 
2,546 
3,350 
5,770 
7,180 

3,410 

3,710 

13,370 

10,630 

11,900 

3,577 

4,620 

9,380 

10,000 

12,390 

8,520 

3,380 

6,750 

9,150 

4,770 

5,640 

12,930 

11,540 

7,700 

5,260 

5,860 

5,430 

2,450 

5,730 

5,380 

5,140 

5,480 

5,180 

5,170 

6,120 


2,364 

14.94 

4,4.50 

10.50 

5,423 

8.92 

3,725 

8.15 

5,545 

5.74 

7,395 

4.36 

3,924 

4.34 

6,730 

4.45 

6,330 

3.21 

1,850 

9.15 

2,555 

11.77 

2,133 

9.57 

3,640 

8.03 

3,345 

6.44 

5,330 

5.43 

7,730 

3.42 

9,640 

2.02 

8,645 

8.92 

2,673 

10.72 

4,890 

9.01 

11,670 

3.01 

11,700 

2.54 

12,440 

2.42 

3,925 

4.93 

5,076 

12.90 

10,460 

0.81 

13,500 

1.14 

11,590 

0.73 

9,880 

0.71 

647 

12.15 

7,770 

7.29 

15,520 

1.02 

6,760 

8.52 

8,860 

6.17 

21,040 

0.26 

15,300 

0.00 

5,880 

1.66 

5,230 

5.09 

5,285 

5.68 

2,925 

8.80 

1,436 

17.34 

6,370 

8.32 

5,800 

8.44 

6,475 

10.37 

5,720 

10.66 

7,625 

10.19 

5,270 

10.68 

4,575 

10.32 

142-  . 

143-  . 

145-  . 

146-  . 

149-  . 

150-  . 

151-  . 

153-  . 

154-  . 
156-  . 
158-  . 
160-  . 
161-R 
162-R 
164-R 
167-R 
168x 
169x 
170x 
172x 
173x 
174x 
175x 
177x 

178-  . 

179-  . 

180-  . 

181-  . 

182-  . 

185-  . 

186-  . 
188P 
189  . 

191  . 

192  . 

194  ., 

195  ., 

196  . 

197  ., 

198  ., 

199  .. 

200  .. 

202  .. 

203  .. 

205  .  . 

206  .. 

207  .. 


5,710 

6,225 

5,450 

5,312 

4,780 

6,470 

6,480 

4,230 

6,020 

5,285 

4,030 

4,095 

5,400 

3,815 

5,100 

4,030 

3,315 

2,580 

4,210 

3,710 

4,650 

3,025 

3,330 

1,990 

2,122 

5,160 

5,300 

3,620 

2,903 

1,683 

1,242 

3,400 

2,360 

4,200 

3,010 

5,600 

4,320 

I        713 

i     5,810 

4,690 

1     6,750 

4,500 

5,400 

4,490 

10,550 

9,500 

2,140 

1,225 

2,090 

1,283 

3,430 

1,798 

3,130 

1,952 

5,240 

2,970 

6,470 

3,150 

6,120 

6,320 

3,430 

852 

'     5,020 

972 

4,050 

2.690 

4,130 

4,600 

4,590 

4,850 

6,430 

6,270 

5,020 

4,980 

4,620 

7,140 

6,020 

4,346 

4,490 

5,150 

4,970 

5,230 

5,400 

4,369 

8,650 

3,360 

5,320 
9,950 
6,800 


3,830 
5,540 
3,150 


10.14 
11.35 

11.03 
10.50 
10.34 
12.32 
11.76 
11.96 
16.65 
14.51 
14.25 
16.63 

7.48 

9.21 
10.06 
18.81 
16.21 
13.69 

7.95 
22.45 

5.72 

9.92 
11.70 

3.99 
20.46 
17.42 
15.95 
16.80 
10.83 

5.13 


1.37 
1.76 
9.17 
8.18 
6.60 
6.26 
6.53 
5.83 
5.44 
6.02 
7.28 
6.33 
5.46 
5.98 
7.96 
4.43 
5.52 
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Crusbine  Strength 


Testtd  uii         I'esied  on 

Flat  lbs.         Edge   lbs 

per  sq.  inch  |  per  sq.  inch 


By  weight 
in  terms  of 
dry  brick 


Crutbing  Streiittb 


Tested  on 

Flat  lbs. 

per  iq.  incli 


Tested  on 
Edge  lbs. 
per  sq.  inch 


Absorption 

by  weight, 
in  terms  of 
dry  brick 


208- 
210- 
211- 
212- 
213- 
214- 
215- 


7,740 
5,530 
5,270 
4,290 
4,540 
4,810 


216-    1,530 

217-    I     6,000 

8,820 
6,930 

7,770 
5,040 


218-  .... 

220-  .... 

221-  .... 

222-  

223-  I  3,640 

224-  4,690 

225-  

228-  2,600 

230x  I  7,880 

231x  6,480 

233x  4,980 

235x  4,620 

236x  4,030 

239x  I      

240x  I  2,530 

241x  !  2,940 


4,520 
3,880 
3,780 
3,030 
3,150 
2,950 
3,470 
953 
3,380 
3,150 
4,180 
5,070 
4,530 
1,925 
2,275 
3,550 
1,414 
5,920 
4,920 
6,670 
4,680 
4,520 
1,550 
1,960 
2,390 


9.42 

7.05 

8.24 

12.20 

14.96 

16.39 

13.86 

20.51 

9.07 

6.72 

9.17 

14.32 

13.36 

21.80 

20.02 

16.66 

23.10 

8.25 

12.15 

11.22 

15.76 

12.70 

18.81 

17.62 

16.47 


244x  . 
245xR 
246xR 

249-  . 

250-  . 
252-    . 

255-  . 

256-  . 

257-  ., 

258-  ., 

259-  .  , 

260-  ., 

261-  .. 

262-  ., 

263-  .. 
264-R 
265-R 
267-R 

269-  .. 

270-  .  . 

271-  .  . 

272-  .  . 
274-    .. 
275-R 
276-R 


1,970 

4,280 

4,930 

10,680 


7,830 
8,870 
6,080 
8,450 
5,510 
6,030 
7,300 

2,966 
3,600 

7,340 

8,480 

5,830 

14.860 

16,510 

9,170 

6,360 

l,39f^ 

10,140 

4,060 


1,610 
3,740 
3,150 
6,330 
3,910 
4,260 
6,670 
5,870 
6,630 
5,410 
6,960 

6,350 

4,570 

4,180 

5,480 

7,270 

6,950 

10,770 

19,940 

10,200 

7,680 

1,337 

11.750 

7,670 


19.50 

11.74 

12.45 

3.88 

4.00 

4.17 

3.44 

5.47 

4.92 

7.29 

6.29 

7.76 

8.06 

11.81 

11.63 

3.44 

3.04 

5.39 

0.94 

1.98 

8.04 

11.27 

18.90 

5.35 

9.65 


HoAvever,  since  the  main  purpose  of  tliis  part  of  the 
work  was  to  deal  A\ith  practical  testing  conditions,  it  was 
decided  to  make  use  only  of  the  absorption  values  ex- 
pressed in  terms  of  the  weight  of  the  dry  brick.  In  the 
main  investigation,  in  which  different  types  of  clays  are 
correlated  as  to  their  gain  in  strength,  which  now  is  under 
way,  the  true  and  apparent  porosities  are  employed. 

In  Fig.  2  the  results  of  the  178  brick  tests  (on  edge) 
are  combined  in  a  general  curve.  Since  the  samples  have 
been  collected  from  a  number  of  yards  and  represent  both 
shale  and  clay  brick,  we  should  not  expect  any  close  agree- 
ment. The  bricks  have  been  divided  into  groups  according 
to  their  absor-ption.  Thus,  a  samj)le  showing  an  absorp- 
tion of  15.79^  would  come  into  the  16%  grouy),  wlnMe  one 
with  15.2'"'   would  be  inclurlefl  m  tlie  IH'T  group. 
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It  is  surprising  that  the  correJation  is  as  satisfactory 
as  it  is,  considering  the  many  factors  affecting  the  results. 
One  fact  noted  is  that  the  repressed  bricks  show  a  lower 
strength  than  the  unrepressed. 

On  examining  this  generalized  curve,  it  is  observed  to 
consist  of  two  parts,  viz.,  approximately  a  straight  line 
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from  maximum  down  to  5%  absorption,  and  a  short,  steep 
part  from  5  to  0%  absorption.  None  of  the  bricks  were 
overburnt  as  far  as  could  be  observed  by  eye,  and  hence 
the  downward  course  of  the  curve  is  not  in  evidence.  It 
seems  quite  clear  that  in  the  steep  portion  of  the  curve  the 
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strengtli  iucreases,  due  both  to  the  piiu  in  the  inherent 
strength  of  the  solid  vitrified  clay  and  to  the  decrease  in 
pore  space.  The  former  evidently  is  the  major,  the  latter 
a  very  minor  factor.     We  might  say  then  that  the  com- 
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pressive  strength  of  the  bricks  up  to  the  critical  turning 
point  of  the  curve  may  be  expressed  approximately  Ity  the 
relation : 

C  =  K  — 

P 
where  C  =  crushing  strength. 

p  =:  %  absorption  or  moie  accurately  %  porosity. 

K  ^  a  constant. 


TABLE  II. 


Average 

Average 

'l, 

Max. 

B 

L 

CrusbiRE 

'k 

Max. 

B 

L 

Crusbinj 

Absorp- 

I-oad 

Strenetb 

Absorp- 

Load 

ins. 

ttrtnjth 

tion 

lbs. 

lbs.  per 
spu.  in. 

tion 

lbs. 

lb>,  per 
sq.  in. 

3-4 

71,450 

2.33 

4.26 

64,400 

2.36 

4.10 

62,000 

2.34 

4.24 

46,450 

2.37 

4.27 

52,530 

2.30 

4.17 

54,950 

2.29 

4.12 

59,700 

2.32 

4.18 

50,700 

2.36 

4.12 

52,390 

2.32 

4.10 

49,580 

2.35 

4.12 

66,510 

2.36 

4.05 

6,036 

69,800 

2.31 

4.12 
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TABLE  II— Continued 

Aver»te 

Average 

<*> 

Max. 

Crushing 

Gfc 

Max. 

B 

L 

Cruibing 

Absorp- 

Load 

B 

L 

Strength 

AbsoiD- 

Load 

ins. 

ins. 

Strength 

tion, 

lbs. 

ins. 

lbs.  per 
squ.  inch 

tioii- 

lbs. 

Iba.  per 
squ.  inch 

4-5 

51,100 

2.30 

4.30 

47,430 

2.37 

4.20 

49,480 

2.34 

4.25 

43,580 

2.38 

4.30 

5.4,070 

2.22 

4.20 

40,380 

2.35 

3.70 

50,150 

2.26 

4.20 

9-10 

41,680 

2.32 

4.15 

57,750 

2.28 

4.15 

1 

52,170 

2.27 

4.10 

51,130 

2.30 

4.20 

5,653  1 

50,790 

2.32 

4.10 

70,150 

2.20 

4.22 

' 

46,020 

2.29 

4.15 

49,640 

2.24 

4.15 

53,600 

2.38 

4.10 

62,150 

2.28 

4.10 

50,820 

2.39 

4.20 

4,836 

42,150 

2.20 

4.30 

46,630 

2.37 

4.20 

5-6 

59,610 

2.24 

4.10 

50,310 

2.35 

4.15 

49,606 

2.26 

4.00 

45,840 

2.37 

4.10 

52,610 

2.28 

4.02 

5,837 

46,530 

2.36 

4.20 

43,920 

2.26 

4.00 

42,770 

2.35 

4.05 

48,260 

2.30 

4.05 

35,180 

2.34 

4.20 

61,050 

2.30 

3.90 

1 

10-11 

39,780 

2.41 

4.10 

6-7 

71,900 

2.32 

4.15 

1 

48,950 

2.41 

4.20 

62,000 

2.32 

4.10 

47,600 

2.39 

4.00 

55,370 

2.35 

4.05 

39,140 

2.37 

4.25 

66,860 

2.35 

4.30 

36,750 

2.39 

4.15 

4,086 

69,590 

2.34 

4.12 

48,100 

2.34 

4.14 

70,110 

2.31 

4.20 

38,370 

2.37 

4.00 

66,100 

2.25 

4.17 

6,418 

35,530 

2.38 

4.10 

61,320 

2.31 

4.09 

40,650 

2.33 

4.10 

50,660 

2.32 

4.22 

26,440 

2.38 

4.10 

63,750 

2.29 

4.17 

41,500 

2.38 

4.12 

49,410 

2.25 

3.88 

38,260 

2.35 

4.15 

45,150 

2.29 

4.06 

11-12 

39,850 

2.38 

4.20 

7-8 

67,630 

2.33 

4.16 

37,700 

2.40 

4.15 

37,030 

2.36 

4.11 

44,960 

2.39 

4.32 

59,370 

2.30 

3.80 

41,490 

2.36 

4.30 

50,180 

2.39 

3.97 

44,680 

2.37 

4.20 

44,290 

2.30 

4.21 

37,150 

2.33 

4.25 

3,973 

47,650 

2.32 

4.14 

5,354 

34,580 

2.34 

4.12 

56,500 

2.35 

4.01 

33,580 

2.37 

4.15 

42,630 

2.35 

4.10 

38,000 

2.38 

4.15 

48,850 

2.30 

4.25 

42,230 

2.37 

4.10 

49,200 

2.36 

4.26 

41,380 

2.38 

4.12 

57,100 

2.29 

4.05 

36,940 

2.39 

4.15 

51,850 

2.35 

4.05 

12-13 

34,090 

2.42 

4.24 

8-9 

47,470 

2.34 

4.28 

30,890 

2.41 

4.10 

35,920 

2.34 

4.14 

33,640 

2.37 

4.15 

49,790 

2.40 

4.15 

31,820 

2.36 

4.20 

49,650 

2.40 

1  4.13 

32,650 

2.38 

4.25 

3,330 

52,290 

2.32 

4.03 

I  26,400 

2.41 

4.20 

50,510 

2.33 

4.10 

4,768 

33,890 

2.38 

4.20 

50,120 

2.40 

4.05 

34.850 

2.42 

4.10 

48,160 

2.37 

3.90 

34.950 

2.39   1  4.15 

38,540 

'  2.37 

4.22 

28,730 

2.30  i  4.05 
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Average 

Average 

% 

Max. 

Q 

L 

Crashing 

% 

Max. 

B 

L 

Crushing 

Abaorp- 
tion- 

Load 

lbs. 

ins. 

it.s. 

strength 
lbs    per 
squ.  inch 

Absorp- 
tion. 

Load 
lbs. 

ins- 

ini. 

Strength 
lbs.  per 
squ.  inch 

43,950 

2.37 

4.22 

20,460 

2.41 

4.16 

32,540 

2.44 

4.20 

15-16 

14,160 

2.40 

4.18 

13-14 

26,630 

2.42 

4.20 

19,060 

2.45 

4.26 

31,750 

2.42 

4.18 

25,650 

2.41 

4.20 

26,710 

2.36 

4.00 

18,250 

2.42 

4.12 

24,910 

2.46 

4.20 

25,280 

2.40 

4.15 

24,950 

2.34 

4.20 

18,270 

2.42 

4.00 

2,030 

22,170 

2.42 

4.15 

2,494 

20,270 

2.41 

4.25 

20,970 

2.43 

4.30 

18,500 

2.46 

4.30 

23,930 

2.35 

4.28 

20,510 

2.43 

4.20 

31,140 

2.42 

4.23 

21,550 

2.36 

4.15 

24,320 

2.40 

4.35 

• 

23,000 

2.28 

4.12 

26,210 

2.43 

4.26 

19,870 

2.36 

4.30 

20,060 

2.45 

4.20 

16-17 

15,100 

2.43 

4.18 

14-15 

28,130 

2.43 

4.25 

16,900 

2.43 

4.18 

26,720 

2.47 

4.20 

13,060 

2.44 

4.24 

22,000 

2.44 

4.10 

16,240 

2.48 

4.50 

27,840 

2.44 

4.20 

17,640 

2.45 

4.10 

25,120 

2.47 

4.20 

2,419 

17,960 

2.47 

4.20 

1,483 

23,490 

2.43 

4.30 

15,840 

2.41 

4.56 

26,350 

2.46 

4.26 

11,300 

2.46 

4.20 

24,480 

2.44 

4.33 

10,070 

2.49 

4.28 

23,610 

2.49 

4.13 

19,300 

2.45 

4.20 

23,280 

2.39 

4.22 

15,750 

2.40 

4.25 

27,550 

2.39 

4.28 

15,490 

2.43 

4.10 

Brief  consideration,  however,  will  show  that  this  rela- 
tion cannot  be  true  for  any  individual  clay  where  the 
inherent  strength  increases  as  the  porosity  decreases,  and 
while  in  the  composite  curve  shown  it  happens  that  the 
resultant  strength  is  roughly  a  linear  function  of  the  ab- 
sorption, this  is  more  or  less  a  coincidence.  The  compres- 
sive strength  curve  cannot,  in  the  nature  of  the  case,  be  a 
straight  line,  but  must  be  a  higher  function  of  the  porosity. 

B.  In  this  series  of  140  crushing  strength  and  al>- 
sorption  determinations  made  from  the  same  shale  mix- 
ture, the  relation  between  the  two  factors  is  shown  more 
clearly  and,  of  course,  the  results  are  applicable  only  to 
this  one  material.  One  of  the  principal  objects  in  making 
these  tests  was  to  determine  the  number  of  individual  tests 
required  to  produce  comparable  averages,  since  it  was  re- 
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alized  that  single,  duplicate  aud  even  triplicate  tests  are 
of  no  value  in  bringing-  out  general  effects.  It  was  found 
that  while  ten  tests  suffice  to  plot  a  point  aud  give  a  curve 
showing  reasonable  coordination,  probably  fifteen  should 
be  used  in  order  to  merge  the  inevitable  differences  due  to 
fcitructure  variations  into  representative  values. 

This  point  is  readily  appreciated  by  observing  the  fig^ 
ures  obtained  in  these  tests  compiled  in  Table  IT.  The 
compression  tests  again  were  made  on  half  bricks,  on  edge. 

The  curve  of  Fig.  3  presents  the  average  relations 
between  strength  and  absorption.     It  is  evident  that  the 
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high  part  of  the  curve  is  lacking  since  none  of  the  bricks 
showed  an  absorption  of  less  than  3%.  It  is  an  interesting 
fact  that  the  strength  is  considerably  lower  than  that 
shown  by  the  composite  curve,  Fig.  2,  from  the  highest 
absorption  down  to  lO^c,  while  from  10%  to  4%  the  two 
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curves  arc  practically  identical.  Expressed  inatlieiiiati- 
cally  by  iiieaus  of  an  empirical  formula,  and  substituting 
the  constants  in  the  equation  y  =  a-|-bx+ox^,  we  find  that 
a  =r  0400,  b  :=  — 38.75  and  c  =-  — 10.25,  y  representing  the 
crushing  strength  in  pounds  per  sqnare  inch  and  x  the 
per  cent  of  water  absorption,  by  weight.  It  is  evident  that 
these  constants  hold  only  for  the  curve  as  far  as  drawn, 
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and  do  not  apply  to  lower  absorptions  than  those  shown, 
the  function  of  the  completely  vitrified  strength  not  being 
known.  The  equation,  y  =  0400  —  3S.75x  —  1 0.25x2,  thus 
enables  one  to  calculate  the  average  crushing  strength  of 
these  bricks,  knowing  the  per  cent  absorption. 
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Similar  formula  could  be  calculated  for  any  other  set 
of  bricks,  and  would  hold  as  long  as  the  clay  mixture  and 
method  of  manufacture  are  the  same. 

C.  Fig.  4  represents  the  results  obtained  in  testing 
cylinders  3%  inches  in  diameter  and  7i/s  inches  high,  made 
on  an  auger  machine  and  using  a  dry  die.  These  specimens 
were  made  from  four  clays,  two  shales  and  two  No.  2  fire 
clays,  five  cylinders  having  been  tested  for  each  absorption, 
or  100  tests  in  all.  It  is  evident  that  this  number  is  not 
sufficient  to  produce  average  results.  At  the  same  time, 
auger  structure  defects  manifested  themselves,  which 
proved  to  be  more  serious  than  was  at  first  anticipated. 
From  the  curves  of  Fig.  4  it  is  observed  that  the  No.  2  fire 
clays  proved  to  be  more  uniform  in  behavior,  though  their 
strength  at  lower  absorptions  appears  to  decrease  some- 


what more  rapidly  than  that  of  the  shales.  That  these 
tests,  in  spite  of  the  sharp  failing  points  due  to  the  cylin- 
drical shape,  are  of  little  value  is  further  illustrated  by  the 
elastic  modulus  curves  shown  on  Fig.  5,  which  represent 
cylinders  of  the  same  clay  and  the  same  absorption.  The 
curves,  it  is  observed,  start  from  different  origins  to  avoid 
confusion,  and  should  be  compared   for  parallelism  and 
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elastic  limit.  It  is  evident  that  they  are  not  parallel  and 
that  the  elastic  limits  differ.  This  must  be  attributed  to 
structural  defects,  which  are  illustrated  in  Figs.  6  and  7. 
In  Pig.  6  we  have  a  case  showing  the  difference  in  density 
between  the  interior  and  the  exterior  of  the  cylinder.  As 
th  load  approached  a  certain  point  the  outside  of  the  cylin- 
der broke  with  an  explosive  noise  and  snapped  off  in  regu- 
lar pieces,  leaving  virtually  a  fairly  symmetrical  polygon. 
It  is  evident  that  such  a  test  is  erroneous,  owing  to  the 
decreased  area  on  going  to  complete  failure.  The  density 
of  the  outside  is  unquestionably  greater,  a  condition  inher- 
ent in  the  flow  of  clay  through  the  die  and  which  is  neces- 


sarily accentuated  in  burning  to  a  good  hardness,  so  that 
a  latent  strain  is  practically  unavoidable  in  pieces  of  this 
character.  The  use  of  a  lubricated  die  would  have  lessened 
this  difficulty  undoubtedly. 

The  common  auger  structure  is  shown  in  Fig.  7,  which 
is  so  evident  that  no  explanation  is  necessary. 
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For  tlie  reasons  stated,  the  results  on  the  4  and  6  inch 
cylinders  are  not  reported. 

Summary. 

The  importance  of  having  specifications  for  bricks  is 
pointed  out. 

It  is  important  that  the  half  bricks  be  tested  on  edge 
so  as  to  remove  a  source  of  large  error.  No  reasonable  ratio 
exists  between  bricks  tested  flat  and  those  on  edge,  except- 
ing for  the  same  brand.  The  results  of  176  brick  tests  are 
given. 

It  is  found  that  in  correlating  compressive  strength 
with  al)Sorption  two  curves  exist.  One  approaches  a 
straight  line  and  expresses  the  reLation  down  to  a  certain 
absorption,  which  approached  3  or  4  per  cent.  The  other 
has  a  decidedly  more  rapid  slope  and  is  a  more  complex 
function.  Both  decrease  in  porosity  and  gain  in  inherent 
strength  govern  these  relations. 

Not  less  than  ten  tests  should  be  made  of  the  same 
grade  of  the  brick,  and  fifteen  shoukl  be  more  desirable  if 
it  is  desired  to  bring  out  the  average  relation  between  ab- 
sorption or  porosity  and  crushing  strength. 

For  the  same  prodm^t  down  to  where  vitrification 
begins  to  become  more  evident,  it  is  possible  to  calculate 
the  compressive  strength  from  the  absorption  and  without 
doubt  also  from  the  porosity,  sufficiently  accurate  for 
practical  purposes. 

The  effect  of  structure  is  very  prominent,  and  must 
be  carefully  guarded  against  in  accurate  investigations. 

Repressing  has  a  tendency  to  lower  the  compressive 
strength. 

DISCUSSION. 

Mr.  Doiitji:  T  had  no  intention  of  taking  ])art  in  the 
meeting,  I»ut  T  liavo  liad  some  experience  in  the  crushing 
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tests  on  brick  and  I  agree  with  Professor  Bleininger.  Tlie 
crushing  test  of  any  specimen  in  which  the  dimensions 
along  the  axis  of  application  of  load  is  less  than  the  cross- 
dimensions,  will  give  an  exaggerated  value,  and  the  varia- 
tion in  results  and  the  irreguJarity  of  the  fracture,  is  due 
to  the  improper  proportioning  of  the  prism  as  well  as  to 
lack  of  homogeneity  in  tlie  material.  The  specimen  after 
a  true  bre^ik  would  give  inverted  cones.  As  you  shorten 
the  dimension  in  the  direction  of  the  force  the  solid  angle 
of  the  cone  becomes  greater,  the  stresses  are  distributed 
unequally,  the  fracture  becomes  irregularly  columnar  and 
will  take  place  in  varying  directions  as  stated.  I  think 
that  the  wide  values  which  you  <^et  for  any  particular  sam- 
ple is  due  very  largely  to  non-uniform  distribution  of 
the  shearing  stresses.  Professor  Bleininger  has  spoken  of 
the  common  objection  that  is  made  to  the  testing  of  the 
brick  on  edge  or  on  end,  in  that  the  brick  is  not  subjected 
in  use  to  pressure  in  that  direction.  The  brick  in  the  wall 
is  not  subject  to  a  single  force  in  one  direction.  It  is  laid 
in  a  composite  form,  subject  to  the  bonding  of  the  moi'tar, 
and  I  do  not  think  that  the  objection  holds.  T  think  you 
v^'ill  get  better  and  more  uniform  values  if  you  test  the 
prism  whose  height,  in  the  direction  of  the  compressive 
force,  is  at  least  one  and  one-half  to  twice  the  cross-dimen- 
sions of  the  specimen. 

I  would  suggest  that  this  rule  is  really  derived  from 
the  testing  of  metals  where  your  material  is  homogeneous. 
If  you  take  a  piece  of  steel  and  test  it  with  your  load  in 
the  direction  of  the  short  dimension,  you  will  get  a  very 
much  higher  value  than  you  will  if  the  pressure  is  properly 
applied  in  the  direction  of  the  long  dimension.  That  was 
worked  out  very  nicely  l)y  Bach  and  is  very  ably  discussed 
and  beautifully  illustrated  in  his  splendid  work  "Elastici- 
tat  und  Festigkut." 

yr.  J\i(s:  Mr.  Bleininger,  do  I  understand  you  to 
say  that  repressing  any  kind  of  bricks  refluces  their  crush- 
ing strength? 
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Mr.  Bleiniuijer:  1  must  saj^  that  the  bricks  tested 
were  stiff  mud  bricli,  and  I  do  not  want  to  include  soft 
mud  brick  in  tliis  classification. 

Mr.  Ries:  1  think  that  in  soft-mud  brick  repressing 
increases  their  strength  considerably. 

Mr.  Richardson  :  Did  3^ou  notice  any  difference  be- 
tween the  side-cut  and  the  end-cut  brick? 

Mr.  Bleininger:  Not  so  much  a  difference  in  the  ul- 
timate strength  as  a  difference  in  the  direction  of  greatest 
strength.  Some  of  the  end-cut  brick  were  stronger  when 
tested  on  edge  than  when  subjected  to  tlie  load  in  the  flat 
condition.  Most  of  the  side-cut  bi-icks  sliowed  the  opposite 
to  be  the  case. 


REQUISITE  PROPERTIES  OF  GLASS  FOR 
MECHANICAL  MANIPULATION. 

BY 

K.  L.  Frink,  Lancaster,  Ohio. 

There  is  iimcli  discussion  among'  workmen  and  trades- 
men in  the  i>lass  industry  as  to  the  causes  of  the  various 
imperfections  of  •>lass,  and  the  reasons  for  the  losses  by 
breakage,  shivering,  checking,  etc.  One  hears  warm  argu- 
ments among  the  men  over  tliese  topics,  but  the  fruits  of 
these  arguments  seldom  find  their  way  into  technical  liter- 
ature, nor  have  the  reasons  for  tlie  above  troubles  been 
explained  in  a  wliolly  satisfactory  manner. 

Since  tlie  advent  of  the  macliine  manipulation  of  glass 
for  the  manufacture  of  sundry-  articles,  including  slieet 
glass  of  various  kinds,  these  reasons  have  become  more  and 
more  urgently  sought.  Manufacturers,  superintendents 
and  wokmen  are  rapidly  coming  to  recognize  that  some 
better  method  than  guess  work  must  be  found  to  deal  with 
these  diflficulties.  There  are  no^-  several  manufacturers 
who  are  devoting  more  or-  less  study  to  the  scientific  side 
of  glass  making. 

In  manipulating  glass  mechanically,  there  are  beside 
the  question  of  macliine  design,  four  essential  factors  upon 
which  economical  production  and  satisfactory  quality 
must  rest,  viz. : 

(1)  Homogeneity  of  the  metal  or  fluid  glass. 

(2)  Viscosity. 

(3)  Temperature. 

(4)  Density. 

It  will  probably  be  well  to  define  somewhat  particu- 
larly Avhat  is  meant  by  these  terms,  and  explain  how  they 
affect  the  economy  of  the  process  and  quality  of  the  output. 

585 


586       PROPERTIES   OF   GLASS   FOR   MECHANICAL   MANIPULATION. 

Homogeneity  of  Metal.  Perfect  homogeneity  in  a 
body  of  metal  implies  the  complete  solution  of  all  the  in- 
gredients, one  in  the  other  and  the  mixture  of  the  bath 
until  all  parts  of  the  metal  are  alike,  physically  and  chem- 
ically. A  glass  in  this  condition,  if  cut  and  polished  and 
placed  between  crossed  nicol  prisms,  or  viewed  by  polar- 
ized light,  should  show  no  striae  nor  indication  of  lamina- 
tion. 

Viscosity.  By  viscosity  is  meant  the  degree  of  fluid- 
ity of  the  metal.  The  more  perfect  tiie  fluid,  the  more 
rapidly  will  it  take  the  shape  of  a  containing  vessel,  the 
more  perfectly  will  its  upper  surface  maintain  the  horizon- 
tal, and  the  more  rapidly,  all  other  things  being  equal, 
will  it  escape  through  an  aperture  of  given  cross  section. 

In  applying  this  conception  to  fluid  glass  or  •'^metal," 
as  it  is  called  in  glass  works,  it  has  been  necessary  for  the 
writer  to  devise  some  mode  of  comparison  of  the  viscosity 
of  different  glasses.  The  following  has  been  found  con- 
venient : 

If  an  orifice  100  millimeters  long  by  3  millimeters  wide 
be  made  in  the  bottom  of  a  receptacle  filled  with  molten 
glass  at  1000° C,  under  a  pressure  of  100  millimeters  of 
mercury,  there  will  flow  through  this  orifice  a  stream  of 
glass  varying  in  width  with  the  viscosity.  The  higher  the 
viscosity,  the  wider  the  stream.  If  the  viscosity  of  the 
fluid  be  100,  none  ^^  ill  escape. 

In  the  case  of  an  ordinary  window  glass,  let  us  sup- 
pose that  the  glass  will  flow  out  in  a  ribbon  having  a 
width  of  80  millimeters.  In  the  case  of  a  lead  glass,  under 
conditions  equal  in  all  respects,  let  us  suppose  that  a  rib- 
bon 60  millimeters  wide  is  found,  the  respective  viscosities 
of  these  two  glasses  are  then  expressed  at  80  and  60  re- 
spectively, being  the  relation  of  the  width  of  tiie  stream  of 
glass,  measured  where  it  has  attained  a  constant  cross- 
section,  to  the  width  of  the  orifice. 

It  is  not  to  be  supposed  that  the  weights  of  the 
amounts  of  the  two  glasses  are  in  the  ratio  of  SO  and  GO, 
for  the  two  glasses  are  of  different  composition  and  differ- 
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out  iiiolecular  weight,  and  hence  cannot  be  compared  very 
intelligently  in  this  respect.  For  instance,  340  grams  of 
the  window  glass  might  flow  per  minute  in  the  first  case, 
while  600  grams  of  the  lead  glass  might  flow  in  the  second, 
in  a  narrower  stream  but  with  higher  rapidity  of  flow. 

The  viscosity  is  directly  affected  by  the  temperature 
of  the  glass.  In  general,  the  higher  the  temperature  the 
lower  the  Aiscosity,  i.  e.,  the  thinner  and  more  watery  the 
fluid.  If  we  were  to  reduce  the  temperature  in  the  above 
instance  from  1000°  C  to  900  °C,  the  viscosities  would 
change;  the  window  glass  might  now  flow  a  stream  90 
m.  m.  wide,  and  weighing  200  grams  per  minute,  and  the 
lead  glass  might  flow  90  m.  m.  wide  but  with  500  grams 
flowing  per  minute.  It  is,  therefore,  necessary  in  speaking 
i>f  the  relative  viscosity  of  glasses  to  specify  the  tempera- 
ture, as  well  as  the  width  of  flow  through  an  aperture  of 
standard  shape. 

The  writer  has  used  this  empirical  method  of  obtain- 
ing expressions  for  viscosity  in  studying  the  relative  quali- 
ties of  salt  cake  glass  vs.  soda  ash  glass  of  the  same  chemi- 
cal compositions.  No  attempt  has  yet  been  made  to  for- 
mulate any  more  exact  expressions,  but  the  writer  believes 
that  it  is  possible  to  design  an  apparatus  embodying  this 
principle  fi'om  which  definite  values  could  be  obtained, 
which  would  enable  the  physical  properties  of  the  glass  to 
be  forecasted,  and  conclusions  reached  as  to  its  fitness  for 
any  special  purpose. 

Temperature.  The  temperature  of  a  fluid  glass  vi- 
tally influences  its  viscosity  and  therefore,  since  the  de- 
gTee  of  viscosity  necessary  for  glass  to  work  well  in  any 
given  machine  is  approximately  a  fixed  quantity,  it  follows 
that  for  the  same  glass  there  is  a  critical  or  specific  tem- 
perature at  which  it  must  be  worked,  if  the  best  results  are 
to  be  attained. 

Density.  The  density  of  the  glass  is  also  an  expres- 
sion for  the  perfectness  of  the  fusion.  In  a  perfect  fusion, 
the  gases  set  free  in  the  metal  fully  escape,  and  at  working 
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viscosity,  the  glass  is  free  from  blebs  of  gas  or  bubbles. 
Its  density  is,  under  those  conditions,  a  fanction  of  its 
chemical  composition.  A  lead  glass  would  outweigh  a  lime 
glass,  by  reason  of  its  chemical  constituents.  But  if  the 
temperature  is  too  lo^^',  the  glass  may  be  "seedy''  or 
"blebbed"  and  its  apparent  density  ^\\]\  be  lowered  by  the 
inclosure  of  bubbles  within  the  mass,  which  cannot  escape 
on  weighing.  The  true  density  or  specific  gravity,  deter- 
mined by  pycnometer  on  the  crushed  and  powdered  glass, 
should  show  little  variation  except  those  due  to  variation 
in  proportion  of  constituents. 

It  is  obvious  that  the  control  of  the  quality  of  the 
output  of  a  glass  plant  involves  the  control  of  these  fac- 
tors. Homogeneity  is  necessary,  because  if  the  glass  is  of 
different  chemical  and  physical  properties  in  different 
parts  of  the  metal,  then  a  striated  or  laminated  product 
will  result  which  can  be  detected  by  eye  if  the  article  is  of 
such  character  as  to  transmit  light  freely. 

Control  of  viscosity  is  necessary,  because  if  the  glass 
is  too  viscous  or  rather,  if  the  viscosity  varies  materially 
when  manipulated  mechanically,  it  becomes  very  difficult 
to  adjust  the  mechanical  manipulation  with  the  varying 
rates  of  flow  of  glass  to  the  machine. 

Control  of  temperature  is  necessary,  because  neither 
homogeneity  nor  viscosity  can  be  controlled  without  con- 
trolling the  temperature,  though  the  temperature  alone  is 
in  excess  of  that  necessary  to  secure  reasonable  fluidity  is 
dangerous,  giving  rise  to  blisters,  burns,  scale  marks,  and 
other  defects.  Temperature  below  the  right  point  means 
too  slow  a  flow  to  secure  mechanical  manipulation,  result- 
ing in  imperfectly  filled  molds.  The  a|)parent  and  the 
real  density  must  also  be  substantially  equal,  because  dif- 
ference indicates  a  bubbled  structure  ami  therefore  im- 
proper melting  or  firing. 

The  manipulation  of  glass  by  mechanical  means 
should  be,  and  is  a  comparatively  simple  operation  because 
its  pliysical  properties  give  us  every  possible  ndvantage  for 
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doing  with  it  as  we  will.  It  passes  through  all  the  transi- 
tory stages  from  solid  to  liquid,  and  is  either  of  these  in 
any  required  degree,  according  as  the  four  heretofore- 
named  factors  vary,  one  to  the  other. 

Many  a  mechanical  device  has  been  built,  on  which 
much  money  and  labor  lias  been  expended,  and  which,  so 
far  as  mechanical  design  was  concerned,  has  operated 
without  fault,  but  when  the  glass  was  applied  has  failed  to 
produce  tlie  finished  article  in  required  quantity  and  of 
saleable  quality.  It  has  usually  been  set  aside  as  the 
monument  of  a  "foolish  ambition,''  or  at  once  relegatt^l  to 
the  scrap  heap,  when  really  it  might  have  been  made  a 
complete  success  by  application  of  the  proper  metal,  or  by 
the  adjustment  of  the  physical  properties  of  the  glass,  and 
the  kind  and  amount  of  manipulation. 

To  cite  an  instance — the  writer  but  a  few  years  ago 
was  asked  to  witness  the  operation  of  a  blowing  and  press- 
ing machine,  ^hich  had  been  giving  a  great  deal  of  trouble, 
and  on  which  there  had  been  spent  several  thousand  dol- 
lars, but  which  nevertheless  defied  all  attempts  to  contin- 
uously produce  a  sufficient  output  of  the  required  commer- 
cial quality,  to  make  the  machine  economical,  or  give  it 
any  advantage  over  the  usual  method  of  manufacture. 

The  glass  used  was  of  the  composition  usually  found 
in  rough  pressed  ware,  although  subsequent  analysis  de- 
termined it  to  be  a  little  higher  than  the  average  in  alumina 
content,  carrying  approximately  two  percent  of  this  ma- 
terial. 

It  was  found  that  the  glass  was  put  into  the  machine 
at  about  1040  degrees  C,  but  at  this  temperature  the  molds 
could  not  be  made  to  fill.  The  glass  thus  did  not  take  the 
impression  of  the  design  nor  form  the  edges  as  perfectly 
as  required ;  further,  there  was  considerable  tail-mark,  and 
lamination,  or  cord,  in  the  finished  piece.  The  temperature 
of  the  glass  was  raised,  producing  lower  viscosity.  While 
this  mitigated  the  difficulty  to  some  extent,  when  the  vis- 
cosity was  brought  to  the  point  where  the  mold  would  fill 
to  an  approximately  satisfactory  degree,  the  mold  would 
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"bum"  in  the  sharp  corners  or  edges  exposed.  In  addition 
the  tail  mark  was  still  left,  and  could  not  be  made  to  dis- 
appear. 

Then  the  glass  temperature  was  lowered,  and  the 
molds  were  heated  to  approximately  320  degrees  C  This 
assisted  in  filling  the  molds,  and  giving  better  edges,  yet  it 
did  not  do  away  with  the  tail  mark,  nor  did  it  lessen  the 
oxidation  of  the  sharper  edges  of  the  mold. 

After  numerous  experiments,  and  considerable  addi- 
tional expenditure  of  time  and  mone3%  the  owners  had 
about  decided  that  it  was  the  fault  of  the  machine  and  its 
design.  When  a  question  was  asked  as  to  how  the  machine 
could  cause  this  difficulty,  or  what  specific  thing  it  was  in 
the  machine  which  produced  these  conditions  or  where  it 
differed  in  its  action  over  the  two-operation,  or  perhaps 
three-operation,  manipulation,  to  which  the  piece  was  sub- 
jected when  made  by  the  ordinary  hand  method,  no  one 
could  seem  to  offer  a  satisfactory,  logical  or  reasonable 
explanation. 

It  was  therefore  suggested  that  the  machine  be  taken 
into  a  factory  where  a  different  glass  was  being  made.  As 
a  consequence,  it  was  tried  on  a  pot  of  very  soft  opal  glass, 
whose  soda  content  was  exceedingly  high,  approximately 
18%,  but  which  likewise  carried  a  very  high  alumina  con- 
tent, about  41/2%,  the  opal  color  being  produced  by  the  use 
of  alumina  and  calcium  phosphate.  When  the  machine 
was  tried  on  this  glass,  no  difficulty  was  experienced  what- 
ever in  completely  eliminating  the  tail  mark,  nor  in  ob- 
taining perfect  edges. 

The  mold  filled  nicely,  and  the  article  received  the  im- 
pression of  every  discernable  configuration  of  the  mold. 

The  machine  was  then  tried  on  a  pot  of  glass,  made  up 
at  the  suggestion  of  the  writer  especially  for  this  experi- 
ment, analyzing  as  follows: 

Silica,   SiO,    63 .  00 

Calcium   Oxide,   CaO    11 .  60 

Magnesium  Oxide,  MgO    5 .  75 
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Barium  Oxide,  BaO    3 .  43 

Potassium  Oxide,  K„0   3 . 00 

Sodium   Oxide,  Na^O    11 .  43 

Iron  I 


Alumina 


Fe,0,,   ALO,    2 . 50 

100.71 


This  glass  was  charged  and  melted  in  the  usual  man- 
ner, in  an  ordinary  flint  pot,  and  after  a  little  difficulty  in 
"planing"  the  pot,  it  was  gathered  and  put  into  the  ma- 
chine, with  the  result  that  almost  perfect  operation  was 
secured.  The  product  coming  from  the  machine  showed 
substantially  a  perfect  reproduction  of  the  mold  configura- 
tion, with  clean  sharp  edges,  and  little  if  any  tail-marking 
could  be  found.  The  temperature  of  the  glass  was  main- 
tained at  about  1100  degrees  Centigrade,  and  that  of  the 
molds  at  about  220  degrees  C,  which  is  the  ordinary  figure. 

This  machine,  or  its  descendant,  has  since  that  time 
been  used  quite  extensively  in  the  manufacture  of  various 
articles  and  in  the  making  of  lamp  chimneys,  but  whether 
tlie  last  given  formula  for  the  glass  was  finally  adopted, 
the  writer  cannot  state.  This  is  one  of  the  several  in- 
stances in  which  the  writer  has  had  an  opportunity  to 
assist  in  determining  and  overcoming  some  of  the  difficul- 
ties attending  the  manipulation  of  glass  by  mechanical 
means,  and  in  nearly  every  instance  it  was  found  that  the 
properties  of  the  glass  itself  contributed  largely  to  the 
perfect  and  uninterrupted  production  of  ware  of  the  proper 
quality  and  quantity. 

Another  instance  where  a  somewhat  similar  condition 
existed  was  in  the  making  of  flat  opal  plates  to  be  use<:l  for 
facing  brick.  It  was  necessary  that  these  plates  should  be 
accurate  in  measurement  with  a  perfect  smooth  surface, 
and  should  show  no  tail  marks,  checks,  or  warping.  It 
was  also  necessary  that  the  glass  must  have  annealing 
properties  which  would  permit  it  to  withstand  considerable 
changes  of  temperature,  and  yjossess  rather  high  tenacity. 

At  first  the  usual  opal  gla.ss  was  tried,  the  same  being 
made  in  a  dav  tank,  but  with  no  success.     Xearlv  all  of 
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the  above  meutioned  iiiiperfectious  were  present,  to  say 
nothing  about  a  15  per  cent  breakaiic,  which  occurred 
alter  leaving  the  lehrs. 

The  mohls  were  then  taken  to  a  factory  where  they 
made  their  opal  glass  in  pots,  but  a  like  result  was  ob- 
tained. Another  manufacturer  was  tried,  and  again  thei-o 
was  a  failure,  when  finally,  in  desperation,  a  small  experi- 
mental furnace  was  built,  and  an  opal  mixture  was  tried 
which  contained  some  lead,  but  with  no  improvement 
other  than  that  there  was  not  quite  so  pronounced  a  tail 
mark  as  in  the  previous  trials.  A  batch  was  then  made 
up  of  about  the  folloA\ing  proportions: 

Sand     100 

Soda     3.5 

Lime    4 

Fluor    Spar    22 

Feldspar    30 

Niter    4 

Borax 2 

Barium    Carbonate    6 

Manganese     0 .  125 

Unfortunately,  no  analysis  of  this  glass  was  made 
after  the  same  was  melted  and  worked,  but  the  results  ob- 
tained were  surprisingly  satisfactory,  as  little  or  no  warp- 
ing occurred,  checks  were  something  very  rare,  the  color 
held  without  any  difficulty,  and  tail  marks  were  usually 
absent.  Several  thousand  pieces  were  made  from  this 
batch  and  gave  entire  satisfaction  for  this  particular  work, 
again  demonstrating  that  the  physical  properties  of  the 
molten  glass  are  a  determinig  factor  in  the  manufacture 
of  the  product  by  machine. 

Let  us  consider  wherein  the  four  factors  above  enum- 
erated enter  into,  and  have  any  bearing  on,  the  two  in- 
stances cited.  It  is  to  be  regretted  that  full  data  were  not 
secured,  so  that  a  more  perfect  knowle<lge  could  be  ob- 
tained of  the  effect  of  the  increase  or  decrease  of  the 
various  constituents  in  the  batch  mixture. 

In  the  first  instance  it  was  found  that  ulass  of  ordi- 
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n-dvj  composition  was  eiitireh'  too  viscous  at  the  usual 
working  temperature,  and  could  not  be  made  to  flow 
through  the  mold  in  the  length  of  time  required  for  the 
operation,  before  it  would  chill  to  an  extent  such  as  to 
prevent  it  from  "filling"  the  mold  perfectly.  Also  on 
allowing  the  lump  of  glass  to  drop  from  the  gathering 
rod  by  its  own  gravity  it  would,  because  of  this  high  vis- 
cosity, produce  a  heavy  tail.  This  tail  when  sheared  off, 
would  enter  the  main  body  of  the  metal  in  the  mold,  but 
its  viscosity  as  too  great  and  it  could  not  be  assimilated 
and  made  homogeneous  with  the  balance  of  the  metal  be- 
cause there  was  not  a  sufficient  excess  of  heat  in  the  main 
mass  to  reheat  this  heavy  tail  jjortion  to  the  point  of  per- 
fect physical  union. 

Now  in  the  special  glass,  which  made  the  machine  a 
success,  a  higher  soda  content  was  used  which  made  the 
glass  more  fluid,  or  of  lower  viscosity,  and,  therefore,  at 
its  working  temperature  only  a  very  small  tail  was  pro- 
duced at  the  speed  at  «'hich  this  machine  was  then  being 
operated.  AV^hen  this  glass  was  gathered  on  a  punt}^  iron, 
and  allowed  to  drop  into  the  mold  and  sheared,  it  was 
sufficiently  liquid,  even  at  a  lower  temperature,  to  permit 
the  tail  settling  at  once  into  the  main  body  of  the  metal, 
absorbing  heat  therefrom,  and  immediately  becoming  as- 
similated. Further,  when  the  plunger  came  in  contact 
with  it,  the  metal  would  flow  further  before  cooling  than 
in  the  previous  instance,  and,  consequently,  took  the  mold 
configuration.  This,  however,  was  controlled  to  a  great 
extent  by  the  speed  of  manipulation. 

In  the  second  instance  cited,  a  similar  condition  ex- 
isted, only  that  here  it  was  necessary  to  have  a  glass  with 
high  elasticity  in  order  that  warping  of  the  flat  plate 
should  not  ensue,  and  here  is  where  the  borax  and  barium 
oxide  play  an  important  part,  although  perhaps  zinc 
would  have  been  still  better.  So  far  as  the  tail  marks  were 
concerned,  the  same  results  were  obtained  as  in  the  first 
instance  by  the  use  of  the  high  soda,  as  the  effect  produced 
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by  barium  oxide  (BaO)  greatly  resembles  ihat  of  sodium 
oxide  (NaoO).  However,  barium  has  the  property  of  giv- 
ing greater  viscosity  than  soda,  but  this  was  counteracted 
to  a  considerable  extent  b^^  the  addition  of  borax  and  salt- 
petre. 

In  the  manufacture  of  plate  glass,  the  first,  third  and 
fourth  factors  are  the  most  impoi'tant.  Viscosity,  in  the 
casting  of  a  plate  of  glass,  is  but  a  small  factor,  inasmuch 
as  the  glass  is  melted  in  pots  of  great  size,  wliich  holds  the 
required  quantity  of  glass  for  the  making  of  a  plate  of 
large  dimensions,  and  the  total  contents  poured  upon  the 
casting  table  in  the  space  of  a  few  seconds,  and  rolled  out, 
between  guides,  by  a  roller,  into  a  sheet  of  standard  thick- 
ness. There  is  but  little  opportunity  for  the  viscosity  of 
the  metal  to  change  by  cooling  or  have  any  effect  under 
the  enormous  weight  of  the  advancing  roll. 

The  temperature  is  of  the  first  importance.  The  metal 
must  be  subjected  to  a  proper  degree  of  heat  in  order  to 
obtain  thorough  melting  of  the  ingredients;  it  must  be 
maintained  at  a  proper  temperature  in  order  that  all  of 
the  gases  may  be  liberated  and  the  metal  be  sufficiently 
fluid  to  permit  their  escape. 

The  manner  of  charging  raw  materials  into  the  pots, 
and  the  temperatures  throughout  the  melting  period,  to  a 
considerable  extent  control  the  homogeneity  of  the  metal. 
It  has  been  found  that  if  a  slow  fire  be  used,  and  a  pot  of 
glass  melted  under  these  conditions  be  drained  too  closely, 
there  will  be  formed  in  the  plate  what  is  called  a  "ream." 
In  the  opinion  of  the  writer  this  is  due  to  the  soda  fusing 
first,  and  settling  to  the  bottom  of  the  pot  giving  the 
bottom  layers  of  glass  a  greater  fluiditv  than  the  glass 
above  it.  This  invariably  occurs  to  a  more  or  less  extent,  if 
the  pot  be  drained  too  closely,  this  high  soda  glass  being 
cast  in  the  plate.  This  is  not  only  detrimental  to  the 
final  quality  of  the  product,  as  high  soda  glass  resists 
weather  less  perfectly,  but  it  is  also  injurious  because  of 
the  impossibility  of  perfectly  annealing  an  unhomogeiieous 
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Fig.  I.     Transverse  Cut 
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Fig.  II.     Longitudinal  Cut 
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sheet.  Strains  will  exist  if  the  glass  is  chemically  unhom- 
ogeneous  and,  as  a  result,  the  breakage  is  greatly  in- 
creased. 

Probably  there  is  no  place  where  all  four  factors  so 
vitally  affect  quantity  and  quality  as  in  the  production  of 
sheet  glass  by  the  various  bloAving  machines.  The  writer 
believes  that  if  one  can  thoroughly  understand  and  deter- 
mine the  exact  relation  of  these  four  factors  to  each  other, 
and  govern  this  relation  perfectly,  the  production  of  sheet 
glass  would  be  one  of  the  simplest  and  cheapest  industrial 
processes  in  the  country. 

Assume  that  a  cylinder  is  being  drawn  from  the  bath 
of  glass,  the  temperature  of  which  is  1120°  C,  and  that 
this  glass  lias  been  taken  from  the  tank  furnace  by  means 
of  a  ladle,  or  dipper,  which  has  reached  below  the  surface 
of  the  glass  9  inches,  or  in  other  words,  has  taken  up  metal 
0  inches  deep.  This  has  been  poured  into  a  vessel,  or  pot, 
and  a  cylinder  is  being  drawn  up  from  the  surface  at  a 
rate  which  will  produce  at  liickness  in  the  cylinder  walls 
of  one-eighth  of  an  inch. 

As  stated,  the  temperature  of  the  glass  ladled  into  the 
pot  is  1120° C.  The  temperature  of  the  glass  decreases  2 
degrees  C.  per  inch  in  depth  after  the  first  ladling,  so 
that  there  is  a  difference  of  practically  18  degrees  between 
the  lower  stratum  and  tlie  surface  taken  up  by  the  ladle. 
At  the  end  of  the  fourth  second  after  pouring  of  tlie  glass 
in  the  pot,  the  temperature  Vs:  of  an  inch  below  the  surface 
is  960°C. ;  at  the  end  of  the  first  minute  it  is  035°,  and  at 
the  end  of  the  second  minute  it  is  015°.  Now  the  tempera- 
ture at  the  surface  of  the  glass  at  the  end  of  the  fourth 
second  is  860°  ;  at  the  end  of  30  seconds  it  is  840°,  and  re- 
mains 840°  throughout  the  drawing  operation  for  a  period 
of  dy2  minutes,  or  so  long  as  there  is  a  body  of  glass  below 
the  surface,  of  which  the  temperature  is  gi'eater  tlian  OOO"", 
tliere  will  be  a  temperature  maintained  at  surface  of  840°, 
which  is  the  point  of  balance  between  the  conductivity  of 
the  metal  and  its  radiating  capacity. 
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The  vessel  Iroiii  w  lii«li  the  glass  is  being-  drawn  lias  a 
diameter  of  28  inches  and  the  cylinder  a  diameter  of  14 
inches.  Therefore,  the  surface  of  the  glass  outside  of  the 
14-inch  cylinder  is  radiating  heat  to  the  open  air,  while 
inside  of  the  cylinder,  the  surface  is  protected.  The  sur- 
face temperature  outside  of  the  cylinder  wall  would  be 
840°C.  and  on  the  inside  960^.  Therefore,  the  viscosity  of 
the  metal  on  the  exterior  of  the  cylinder  is  constantly 
greater  than  that  of  the  metal  on  the  inside,  and  if  the 
speed  at  which  this  surface  is  removed  is  such  as  to  main- 
tain a  temperature  of  960°  one-quarter  of  an  inch  below 
the  surface  and  840°  at  the  surface  outside  of  the  cylinder 
walls,  and  the  viscosity  of  the  glass  measured  as  described 
earlier,  is  78%,  we  will  have  obtained  a  cylinder  14  inches 
in  diameter  and  walls  y^.  inch  in  thickness,  providing  we 
have  a  glass  whose  homogeneity  is  good. 

Now  let  us  assume  that  the  point  "A"  in  the  mass  of 
glass  represents  a  portion  of  the  lower  stratum  of  9  inches 
of  metal  which  has  been  taken  from  the  tank,  or  in  other 
words,  that  9  inches  below  the  surface  there  has  come  down 
a  glass  whose  viscosity  is  greater  than  that  at  the  surface. 
There  will  therefore  be  formed  in  the  walls  of  the  cylinder 
a  thickened  portion  called  a  "cord,''  and  this  will  destroy 
this  portion  for  first  quality. 

If  a  section  be  cut  from  this  cylinder,  transverse  to 
the  axis  of  the  cylinder,  and  viewed  by  means  of  polarized 
light,  interposing  a  selenite  plate,  we  will  find  a  color  dis- 
play similar  to  that  shown  in  Fig.  I.  Fig.  II  shows  a 
longitudinal  section,  cut  from  the  edge  of  the  cord. 

The  variation  in  the  viscosity  of  the  metal  and  the 
cords  produced  in  drawing  the  same  have  disqualified  this 
portion  of  the  glass  for  commercial  use,  and  in  the  pro- 
duction of  this  machine  at  the  date  of  this  record,  there 
was  a  breakage  averaging  87.6%,  which  is  almost  beyond 
belief. 

In  this  case  we  have  a  clear  example  of  non-homogen- 
eity, for  it  Avas  found  by  analyses  that  the  glass  thoughout 
this  cord  varied  considerably  from  that  surrounding  it. 


598       PROPERTIES   OF   GLASS   FOR    MECHANICAl-    MAXIPULATIOX. 


Fig.  III.     Transverse  Cut 
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Fig.  IV.     Transverse  Cut 
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Fig.  IY.     Longitudinal  Cut 
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In  Fig.  Ill,  hoAvever,  we  show  another  example  of 
non-homogeneity.  In  this  ease,  the  breakage  averaged 
83.2%. 

Another  example  of  non-homogeiieity  is  seen  in  Fig. 
IV.  It  will  be  seen  that  here  the  lack  of  homogeneity  is 
due  to  a  stratification  of  the  metal.  The  breakage  under 
these  conditions,  as  shown  by  our  record,  was  78.3 7'?- 

In  following  up  these  studies  it  was  found  that  when 
these  lines  did  not  appear,  and  practically  no  striae  were 
apparent,  the  furnace  conditions  were,  and  had  been,  very 
constant  for  a  considerable  period  of  time.  An  example  of 
what  might  be  called  normal  glass  produced  under  uni- 
form furnace  conditions  is  shown  in  Fig.  V,  in  which  the 
breakage  is  but  3.2%.  On  the  day  previous  to  that  we  had 
a  breakage  of  T.2%,  and  in  the  Plate  VI  an  increase  of 
striae  will  be  seen. 

In  all  of  the  illustrations,  the  coloring  is  due  to  the 
introduction  of  a  selenite  plate,  or  red  of  the  first  order. 
All  sections  are  magnified  about  twenty-five  times,  the  re- 
productions being  taken  by  means  of  a  B.  Sc  L.  petro- 
graphic  microscope,  using  IV2  inch  objective  and  2  incli 
occular,  and  a  B.  &  L.  camera  lucida.  The  outside  and 
inside  stratum  of  the  rollers  appear  as  yelloxx',  with  an 
intermediate  stratum  which  approaches  more  or  less  neai*- 
]y  the  color  of  the  field  as  it  aaouM  appear  if  there  was  not 
any  glass,  or  other  substance,  in  the  path  of  the  light  ray. 

It  is  assumed  by  many  that  the  outside  surface  of  a 
sheet  of  glass,  or  any  glass  article,  is  under  a  tension.  If 
a  specimen  be  placed  under  the  microscope,  bet>\een  cioss- 
nicols,  with  the  selenite  plate,  or  red  of  the  first  order, 
between  the  occular  and  the  objective,  and  with  the  zero 
mark  at  the  front  of  the  microscope  the  specimen  being  in 
line  with  the  45  degree  and  225  degree  graduation,  the 
outer  and  inner  stratum  of  the  si)ecimen  will  appear  as 
yellow,  and  this  shoAvs  a  compression  strain  at  right  angles 
to  the  axis  of  observation.    This  fact  may  be  readily  veri- 
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fied  by  taking  a  piece  of  glass  A\liicli  iiitrorUiees  no  light 
interference  or  depolarizing  properties,  and  bv  compress- 
ing it  between  the  jaws  of  a  pair  of  pliers,  or  other  means, 
it  will  give  the  same  yelloAv  appearance. 

The  entire  rationality  of  exjjecting  to  ftnd  '•om])ression 
will  be  obvions  by  giWng  the  matter  a  little  consideration, 
for  when  the  sheet  of  glass  is  made,  the  outer  surface  cools 
first,  and  then  the  inner  surface  cools,  the  center  stratum 
remaining  a  little  longer  in  a  more  or  less  viscous  condi- 
tion. This  mass  in  contracting  during  the  cooling  period, 
must  of  necessity  produce  a  crushing  strain  on  the  surface 
strata  which  first  set,  while  the  inner  stratum  which  solid- 
ified free  of  strain  will  now  be  placed  in  tension.  There 
niust  also  of  necessity  be  two  other  i)oints  between  the 
tension  and  compression  strata  which  will  be  neutral ; 
therefore  with  a  specimen  placed  at  the  angles  and  under 
the  conditions  above  stated,  the  center  will  appear  blue, 
and  as  will  be  seen,  there  will  be  two  lines  which  will  ap- 
proach to  a  more  or  less  degree  the  neutral.  These  colors 
vary  in  depth  and  degree  from  the  red.  as  the  strains  are 
more  or  less  intense. 

Of  course  wherever  there  is  a  lack  of  homogeneity  in 
metal,  much  breakage  and  loss  can  be  avoided  by  proper 
regulation  of  the  temperature  and  annealing  conditions. 
In  speaking  of  temperature,  I  mean  the  entire  temperature 
treatment  as  applied  to  the  making  of  a  piece  of  glass 
from  the  time  the  raw  materials  enter  the  furnace  until 
it  has  passed  beyond  all  stages  of  heat  treatment.  As  all 
glass  manufacturers  know,  there  is  much  breakage  occur- 
ring in  their  factories,  which  it  attributed  by  them  to 
many  causes,  but  chiefly  is  placed  at  the  door  of  the  work- 
man. However,  the  writer  makes  bold  to  state  that  in  his 
opinion,  if  the  glass  is  properly  constituted  and  melted,  it 
is  beyond  the  power  of  any  Avorkman  to  make  that  piece 
of  glass  so  that  it  can  or  will  "blow  up"  after  the  article 
h.as  been  produced. 
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Fig.  Y.     Transverse  Cut 


Fig.  V.     Longitudinal  Cut 
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Fig.  VI.     Transverse  Cut 
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XiimeroiLS  attempts  to  make  articles  irreouiar  in 
shape  and  form  from  glass  when  in  the  condition  repre- 
sented by  Fig.  V  have  been  witnessed.  If  one  of  these 
articles  has  ever  left  the  blower's  pipe,  it  would  invariably 
pass  through  abnormal  rough  handling  and  come  out  safe 
and  whole,  Avhile  on  the  other  hand,  if  the  condition  of 
the  glass  were  such  as  appears  in  Fig.  IV  and  VI,  con- 
siderable difficultT  would  be  experienced  in  getting  any 
irregular  shape  to  pass  safely  through  the  lehr.  In  mak- 
ing this  statement  it  is  of  course  understood  that  it  is 
possible  for  a  man  to  make  a  piece  so  heavy  as  to  act  in 
the  fashion  of  a  "Kupert's  Drop." 

It  is  true  that  some  glasses  have  the  power  to  with- 
stand the  varying  strains  introduced  by  the  reason  of  this 
non-homogeneity  to  a  much  greater  degree  than  others. 
This  is  due  probably  to  increasing  elasticity.  Lead  glass 
in  particular  shows  this  power. 

For  the  production  of  sheet  glass  by  machine  methods, 
particularly  that  method  which  first  makes  the  glass  in 
cylindrical  form,  there  is  probably  no  ingredient  of  which 
the  control  is  so  essential  as  the  alumina.  If  an  alumina 
content  of  4%  is  obtained  without  causing  opacity,  or 
stone,  which  can  readily  be  done,  a  glass  will  be  produced 
which  is  of  exceptionally  high  viscosity,  and  requires  a 
fairly  high  temperature  treatment,  both  of  which  are  de- 
sirable factors  for  the  drawing  of  a  cylinder  from  a  bath 
of  molten  glass.  With  a  high  viscosity  at  its  drawing 
temperature,  the  glass  will  maintain  a  more  uniform  thick- 
ness throughout  the  full  length  of  the  roller,  and  changes 
in  air  currents  and  atmospheric  influences  have  a  less 
effect  than  with  a  glass  of  a  lower  viscosity. 

For  the  same  reasons,  a  higher  temperature  is  desir- 
able, as  the  higher  the  temperature  the  greater  the  speed 
with  which  the  glass  can  be  withdrawn  from  the  bath  of 
]nolten  metal  if  its  viscosity  is  correct. 

The  relation  between  the  temperature  treatment  and 
the  viscositv  in  a  glass  carrying  about  4%   of  alumina 
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(AI2O3)  is  such  that  Axlieii  it  is  ladled,  more  teinperature 
is  retained.  As  a  consequeiioe,  an}-  irreii'ular  cooling  or 
lieat  absorbing  influences  surrounding  the  walls  of  the  ves- 
sel would  not  have  as  pronounced  an  effect  as  with  a 
glass  of  lower  initial  heat. 

There  is  one  disadvantage,  however,  with  a  glass  of 
this  character,  namelv,  that  greater  care  is  required  in 
ladling,  and  in  cutting  off  the  stream  from  the  ladle -there 
will  be  produced  a  heaAder  tail  portion  than  with  a  glass 
of  a  less  viscosity,  and  the  same  result  would  follow  as  in 
the  instances  cited  where  molds  were  used.  This  would 
tend  to  produce  Avhat  is  knoAvn  in  the  windoAv  glass  busi- 
ness as  "music  lines"  and  "strings." 

In  order  to  counteract  to  some  extent  this  property  of 
high  alumina  glass,  I  have  found  that  it  is  quite  advantag- 
eous to  use  carbonate  of  barium  in  the  mixture,  to  an  ex- 
tent Avhich  would  produce  from  1%  to  2  percent,  and  per- 
haps as  high  as  3  percent  of  barium  oxide  in  the  finished 
product.  This  gives  a  glass  of  higher  refractiA'e  index, 
and  very  materially  increases  the  tenacity,  without  any 
dimunition  in  viscosity. 

In  making  the  above  statements,  no  consideration  has 
been  given  to  the  form  of  soda  which  has  been  used.  It 
may  seem  unreasonable  but  it  is  nevertheless  true,  that 
wlien  salt  cake  is  used  a  considerably  different  result  is 
obtained  than  when  soda  ash  is  used,  particularly  in  re- 
spect to  the  viscosity. 

While  making  some  investigations  as  to  the  cause  of 
lines,  strings  and  cords,  and  comparisons  between  salt 
cake  glass  vs.  soda  ash  glass,  the  writer  became  convinced 
lliat  tlie  pro])erties  of  soda  ash  glasses  Avere  much  different 
from  those  of  salt  cake  glasses. 

Tlie  statement  made  by  Avorkmen  that  soda  ash  glass 
\\as  of  a  much  "softer  nature"  than  the  salt  cake  glass, 
nnd  Avorked  much  easier,  had  often  been  heard,  but  little 
credence  had  been  given  to  the  idea  that  with  the  same 
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soda  content,  there  was  any  difference  in  the  actual  physi- 
cal properties  of  the  two  glasses. 

However,  after  two  or  three  months  of  careful  work 
and  investigation,  and  comparison  of  quality  and  quantity 
of  product  as  obtained  on  the  machine  for  the  production 
of  window  glass,  it  was  conclusively  and  undisputably 
demonstrated  that  a  glass  in  which  the  soda  content  was 
supplied  by  means  of  salt  cake  had  a  higher  viscosity  and 
was  more  sensitive  to  all  the  conditions  surrounding  it, 
than  was  that  made  by  soda  ash.  A  fact  which  illustrates 
this  is  that  in  cylinders  of  the  same  size  drawn  from  glass 
ladled  at  1120°  C.  in  both  cases,  there  would  be  drawn 
from  a  bath  of  soda  ash  glass  approximately  Syo  pounds 
of  metal  per  minute,  while  in  salt  cake  glass  there  would 
be  drawn  from  the  bath  over  9  pounds  per  minute.  For 
this  reason  it  is  decidedly  advantageous  to  use  a  salt  cake 
glass;  on  the  other  hand,  owing  to  its  sensitiveness  to  chill 
and  hardness,  it  is  found  that  it  is  a  difificuU  matter  to 
keep  the  breakage  down  to  a  point  where  there  remains 
any  economic  advantage  in  the  use  of  salt  cake.  Practice 
and  careful  investigation  have  developed  a  method  of  fur- 
nace control  which  has  eliminated  to  a  great  extent  the 
causes  which  have  produced  breakage,  and  which,  it  has 
been  shown,  have  been  due  largely  to  irregular  furnace 
operation. 

DISCUSSION. 

Mr.  Staleij :  Hovestadt  s])eaks  about  toughening 
glass  on  both  sides,  cooling  suddenly  on  either  side.  Isn't 
all  glass  toughened  by  that  conduct? 

Mr.  Frill k  :     No  sir. 

Mr.  StaJey :  What  is  the  difference  between  these, 
this  toughened  glass  is  simply  glass  that  is  in  stress  on 
both  sides. 

Mr.  Frhtl-:  Yes.  Take  for  instance  Jena  ware.  When 
it  was  first  placed  on  the  market  they  plunged  it  in  an  oil 
bath,  and   tliat  oil  bath   would   liarden   it  on   the  outside, 
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which  gave  the  '"Rupert  drop"  effect,  being  under  severe 
compression  on  the  outside,  and  tension  on  the  inside. 
But  you  mav  stretch  so  that  when  3^ou  rupture  the  surface 
it  doubles  up.  There  is  also  glass  made  which  is  plunged 
into  water  causing  rupture  of  the  surface,  sometimes 
called  crackle  glass. 

Mr.  Talxaliashi:  This  may  not  have  a  direct  bearing 
on  the  paper,  but  I  would  like  to  ask  Mr.  Frink  if  he  has 
found  the  function  of  magnesia  in  regard  to  the  working 
fjualities  of  the  glass,  and  how  much  magnesia  is  allow- 
able. Also  whether  or  not  magnesia  is  objectionable  at  all. 
I  heard  a  man  express  his  opinion  that  flint  glass  should 
have  a  rather  high  content  of  magnesia.  In  other  words, 
for  a  batch  of  flint  bottle  glass  is  it  best  to  use  dolomitic 
lime  stone? 

Mr.  Frink:  The  question  of  magnesia  in  glass  is  a 
mooted  one,  I  guess,  among  all  men.  Up  to  within  two 
years  ago,  if  a  man  had  told  me  T  could  use  a  dolomitic 
limestone  in  producing  window  glass  I  would  have  been 
rather  inclined  to  tell  him  I  was  from  the  center  of  ^fis- 
souri.  In  the  last  year  I  have  seen  magnesia  go  to  ^A% 
in  a  limestone  and  we  have  got  A-1  glass  out  of  it.  How 
that  was  done  I  shall  not  attempt  to  tell  you.  Years  ago 
1  would  have  said  it  was  impossible.  T  have  been  through 
a  good  many  factories  in  the  country  where  magnesia  is 
usually  considered  a  great  detriment  to  the  glass.  In  flint, 
mold  work,  I  believe  magnesia  is  of  great  assistance,  that 
is  in  some  classes  of  flint  work.  It  increases  the  fluidity 
and  decreases  the  viscosity  perhaps  more  than  any  other 
ingredient  we  have,  and  at  the  same  time  it  maintains  the 
hardness  of  the  glass. 

As  to  the  allowable  quantity  I  do  not  know  that  I 
would  care  to  commit  myself  specifically.  I  will  put  it 
within  limit  of  say  2  to  10  per  cent. 

Mr.  Tal-ahashi:  At  our  works  we  use  a  burnt  lime 
in  which  magnesia  is  as  high  as  29%,  and  the  lime  con- 
tent somewhere  between  55  and  58''/r  ;  and  as  far  as  T  could 
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see  we  never  had  any  trouble.  In  one  factorv  an  anah'sis 
of  the  glass  showed  very  low  magnesia  content,  and  the 
breakage  of  ware  was  greater  at  this  factory  than  at  any 
other  factory  of  the  company.  Altliongh  it  is  possible  that 
this  breakage  is  due  to  mechanical  defects,  I  thought  it 
might  be  possible  that  the  magnesia  being  lower  in  co-effi- 
eient  of  expansion  than  the  lime  might  help  to  decrease 
the  breakage  on  sudden  heating  or  cooling.  In  testing 
the  ware  the  cold  ware  after  annealing  is  plunged  into  hot 
water. 

Mr.  Frink:  In  regard  to  the  cold  Avater  test,  I  do  not 
think  that  is  any  real  fair  test.  I  do  not  believe  that  in 
the  use  of  magnesia  in  glass  there  is  any  test  that  will  give 
any  real  idea  in  regard  to  that,  for  the  reason  that  mag- 
nesia occupies  on  the  one  end  of  the  scale  just  what  barium 
does  on  the  density  end.  It  is  lighter  and  increases  the 
lluidity  where  barium  increases  the  viscosity.  If  you  have 
a  piece  of  magnesia  glass  with  a  cord  such  as  I  attempted 
to  illustrate  and  that  cord  goes  diagonally  across  the 
article  and  you  should  plunge  it  into  the  water  at  that 
point,  it  will  break,  when  it  would  not  break  perhaps  if 
you  plunged  it  in  sideways  or  some  other  way  that  would 
meet  these  strains  in  a  parallel  direction  rather  tiian  in 
transverse  direction. 

Mr.  Talaha-shi:  This  test  was  not  made  especially 
as  a  test  for  the  effect  of  the  magnesia,  but  it  is  a  common 
test,  to  which  the  packing  wares  are  subjected. 

Another  point  I  would  like  to  ask  about  it  whether 
Mr.  Frink  has  had  any  trouble  from  too  high  content  of 
soda  in  case  of  pressed  ware.  In  one  instance,  from  a  mis- 
take on  the  i)art  of  a  mixer,  lime  was  increased  in  a  batch 
and  as  the  result  the  glass  worked  better.  Before  that 
time  they  had  some  trouble  al>out  the  sinking  of  the  ware 
in  the  molds,  and  after  this  mistake  was  made  the  ware 
stood  up  very  well.  But  after  the  mistake  was  corrected 
and  thev  went  back  to  the  old  batch  the  ware  started  to 
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sink  again.  I  miglit  sav  that  the  soda  content  in  the 
glass  was  abont  16  or  17 9f. 

Mr.  FriitJ::  1  think  Mr.  Takahashi  has  gisen  a  better 
example  of  viscositT  and  properties  affecting  it  than 
1  brought  myself.  Xatnrally  \\\wn  yon  increase  yonr  vis- 
cosity your  stuff  will  stand  u])  in  your  moulds  better,  but 
if  yon  have  got  any  configuration  to  attain,  that  is,  any 
sharj)  corners  to  get  into,  too  mucli  lime  will  prevent  this, 
therefore  if  yon  increase  your  soda  yon  increase  the  fluid- 
ity, but  the  conseipience  is  that  you  lower  the  softening 
j)oiut,  and  I  believe  that  a  large  percentage  of  manufac- 
turers are  entirely  too  prone  to  use  too  much  soda.  They 
will  make  better  ware,  it  will  anneal  better,  it  will  take 
better  shape,  and  be  better  in  every  respect  if  they  will 
conform  more  closely  to  the  silica  ratio,  that  is,  the  old 
ratio  of  5  to  1.  There  is  an  illustration  of  it  here.  You 
have  not  lime  enough  to  keep  the  soda  from  forming 
a  solution  outside  of  it,  you  might  say.  I  can  not  express 
it  exactly.  Your  magnesia  has  not  that  property.  It  has 
the  property  of  making  the  glass  very  liquid  when  you  get 
a  certain  temperature,  but  as  that  temperature  drops,  your 
viscosity  increases  verj^  rapidh'.  Soda  does  not  set  in  this 
manner. 

Mr.  Silverman :  These  points  Mr.  Frink  brought  out 
will  prove  very  valuable  for  one  reason  alone,  and  that  is, 
that  the  manufacturer  of  glass  has  been  in  the  habit  of 
throwing  soda  or  lime  into  the  batch  arbitrarily  in  cases 
of  trouble.  If  the  glass  did  not  melt  as  quickly  as  he 
thought  it  should,  he  threw  in  more  soda,  and  if  the 
reverse  condition  obtained  he  threw  in  more  lime.  These 
data  ought  to  prove  conclusively,  unless  future  counter 
data  are  shown,  that  there  is  a  proportion  which  is  just 
the  right  one,  and  that  if  this  proportion  does  not  bring 
about  the  desired  results,  the  fault  must  lie  outside  of  the 
batch  itself. 

There  is  one  point  I  would  like  to  ask  about  and  that 
is  the  polarization  test  through  the  use  of  selenite  plates. 
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Just  how  does  Mr.  Friiik  go  about  this  test?  Do  1  uucler- 
staud  that  he  uses  a  sample  which  has  been  etched  for  this 
purpose,  or  does  he  examine  a  section  wiiich  has  been  cut 
down  and  polished? 

\I7\  Friiil-:  1  am  sorry  a  box  did  not  get  here  that 
I  shipped,  in  which  I  had  all  these  samples,  and  also  T  had 
some  samples  of  the  chords,  which  would  emphasize  some 
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of  those  points  Mr.  Takahashi  has  brought  out.  Perhaps 
J  can  illustrate  it  a  little  better  on  the  board.  This  is  the 
objective  here.  I  introduced  the  selenite  plate  here,  as 
shown  in  Fig.  8. 

Mr.  Silverman :  Can  vou  detect  that  conflition  in 
any  part  of  the  specimen? 

Mr.   rriiil-.     Yes,  if  tlic  comlition   is  there,  you  can. 
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You  cannot  detect  it  unless  you  are  looking  at  right  angles 
to  the  axis  of  the  strain  pi'oduced. 

Mr.  Silverman:  Do  you  examine  the  specimen  at  the 
point  at  which  yon  have  the  trouble  with  breakage? 

Mr.  Frijik:  If  Ave  have  had  any  trouble  in  brenkage 
we  take  any  specimen  from  a  piece  of  glass,  say  a  lamp 
chimney,  (Fig.  7),  or  something  of  that  kind,  and  cut  out 
this  section  about  %''  wide,  put  it  under  the  microscope 
on  edge  as  described,  and  if  I  find  that  general  condition 
of  lines  exists,  breakage  will  show  up  very  rapidly.  (Illus- 
trating from  exhibit  of  photograph— refer  to  Figs.  2  and 
4). 

Mr.  Silverman  :     That  is  direct  transmission. 

Mr.  Frinl':  That  is  direct  transmission,  through  to 
this  one  edge,  the  figure  representing  the  thickness  of  the 
sample.  The  outside  always  shows  the  greater  amount  of 
yellow,  the  inside  cools  of  coui'se,  somewhat  slower,  and 
shows  less. 

Mr.  Silverman :  The  use  of  selenite  plates  for  glass 
examination  I  have  never  l)ef<)re  seen,  and  it  brings  out  a 
very  interesting  point.  Do  you  always  examine  your  spec- 
imen on  edge? 

Mr.  Fritik:  I  always  examine  a  specimen  on  edge. 
T  usually  take  the  transverse  section,  it  being  most  acute. 
If  it  is  in  a  hand  process  it  does  not  give  you  any  better 
results. 

Mr.  Silverman  :  You  find  a  variation  as  you  move 
the  glass  and  reach  different  points? 

Mr.  FHvl':     Yes,  in  color  and  position  of  color  zone. 

Professor  Silverman  :  You  have  shown  us  a  number 
of  pictures  of  views  as  they  appear  to  you  through  the 
polarizer.  I  should  like  to  know  whether  the  color  zones 
remain  the  same  if  you  change  the  position  of  that  speci- 
men, that  is,  if  you  examine  different  parts  of  the  surface 
by  the  transmitted  light? 

Mr.  Frink:  Yes,  if  homogeneity  or  strain  is  the  same, 
but  to  examine  an  entire  I'oller  would  take  too  long.  How- 
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ever,  any  locality  in  the  specimen  will  show  the  same  plie- 
nomena  irrespective  of  how  it  is  viewed. 

Mr.  Binns :  Do  yon  cnt  a  section  with  a  wheel  and 
the  edges  polished,  or  is  it  a  broken  specimen? 

Mr.  Frmk:     Cnt  it  with  a  diamond,  not  polished. 

Mr.  Binns:     Not  with  a  wheel? 

Mr.  Friiik:  No,  because  a  wheel  will  feather  the 
edge  and  produce  angles,  and  the  light  is  not  truly  trans- 
mitted. 

Here  is  a  condition  that  is  found  on  one  side  of  a 
cylinder  of  glass,  and  here  is  a  condition  that  is  found  on 
the  other  side,  showing  that  here  the  strains  are  widely 
spread  throughout  while  here  they  are  concentrated  all  on 
the  center.  If  you  have  noticed,  the  neutral  point  in  the 
field  is  very  large  here  and  the  tension  part  is  very  small 
as  compared  with  this.     (Referring  to  Figures  i  and  5.) 

Mr.  Silverman  :  Do  I  understand  that  these  are  the 
inner  and  outer  edges  of  the  same  specimen  or  of  two 
specimens  taken  from  different  parts  of  the  cylinder? 

Mr.  FrinJc:  As  illustrated  in  cases  like  Fig.  1  and  2 
these  are  specimens  from  the  same  cylinder.  No.  2  being 
longitudinal  and  No.  1  transverse.  This  heavy  yellow 
forms  the  outer  edge  of  the  cylinder  of  the  specimen,  the 
opposite  side  is  the  inner  edge. 

Mr.  Silverman  :  I  do  not  believe  the  point  has  yet 
been  cleared.  You  know  the  field  of  your  microscope  is 
necessarily  very  small  as  far  as  the  surface  of  that  glass 
is  concerned.  What  I  want  to  know  is,  if  you  change  the 
position  of  your  glass  specimen  under  the  microscope  so 
that  at  first  one  edge  is  in  the  field  and  you  gradually 
travel  toAvard  the  other  edge  whether  you  observe  a  dii¥er- 
ence  in  the  picture. 

Mr.  FriiiJ::  T  place  it  so  as  to  get  ihe  center  of  the 
scope  between  the  two  edges. 

Mr.  Silrerman  :  Yes,  but  you  are  sliowing  the  pic- 
ture as  you  see  it  or  the  picture  as  yon  calcuhite  it? 

3Ir.  Frinlc:     They  ai*e  exact  reproductions  as  seen  by 
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means  of  a  B.  &  L.  retrographical  iustruiiient  using  1  inch 
occular,  IV2  inth  objective,  with  solar  light. 

Mr.  Silverman :  In  other  words,  it  shows  what  you 
observed  at  one  point  in  the  glass. 

Mr.  Frink :  Yes,  and  that  point  covers  the  whole 
thickness  of  the  glass.  It  magnifies  only  about  20  times. 
G'he  glass  is  about  an  eighth  of  an  inch  thick  or  perhaps  a 
tenth,  so  the  figure  is  about  two  inches  ^\ide. 

Mr.  Silverman :  The  question  still  arises,  suppose 
you  are  to  focus  on  a  point  near  to  the  outer  edge  of  the 
specimen,  and  then  focus  at  another  point  at  the  middle 
of  a  specimen,  and  then  on  another  point  at  the  inside  of 
the  specimen,  do  you  observe  different  results? 

Mr.  Friiik:  No,  the  phenomena  are  the  same  through- 
out, if  the  glass  is  the  same  in  composition  or  in  physical 
condition. 


A   PLEA   FOR   CO-OPERATION.* 

By 
Ernest  Mayer,  Beaver  Falls,  Pa. 

As  a  member  of  both  the  American  Ceramic  Society 
and  the  United  States  Potters'  Association,  I  desire  to 
suggest  that  there  is  a  mutual  advantage  almost  amount- 
ing to  a  necessity  for  bringing  these  two  organizations 
into  somewhat  closer  touch.  The  only  attempt  in  this 
direction,  so  far  as  I  know,  was  nmde  about  two  years  ago, 
when  the  practical  potters  and  foremen  of  the  various 
manufactories  in  East  Liverpool  and  vicinity  formed  a 
local  society  to  discuss  the  various  manufacturing  prob- 
lems that  came  up  in  their  actual  working  experience.  For 
a  while  the  members  took  a  great  interest  in  the  new  work, 
and  the  meetings  were  fairly  well  attended.  I  had  the 
privilege  of  attending  some  of  these  meetings,  and  was  very 
much  struck  with  the  earnestness  and  enthusiasm  shown. 

This  local  society,  if  I  am  correctly  informed,  no 
longer  exists,  and  if  the  reason  given  for  its  demise  is  the 
true  one,  it  shows  a  very  deplorable  condition  of  things. 
In  the  interest  of  the  pottery  manufacturers  of  this  sec- 
tion, it  is  important  that  this  local  club  should  at  once  be 
started  up  again,  because  by  the  interchange  of  ideas  only 
can  any  potter  reasonably  hope  to  make  any  substantial 
progress  in  his  business. 

We  all  have  our  problems  to  solve,  and  there  are  only 
three  ways  of  working-them  out: 

1st.     To  work  them  out,  unaided  in  any  way. 

*  The  above  paper  was  prepared  for  presentation  at  the  "Potters'  Ses- 
sion" Monday  afternoon,  February  7'lh.  1910,  to  which  a  special  effort  had 
been  made  to  bring  in  members  of  the  United  States  Potters'  Association 
from  East  Liverpool,  W'aeeling  and  surrounding  territory.  As  will  be  ob- 
served, the  paper  is  exhortatory  in  form  and  was  primarily  intended  to 
bring  about  a  discussion  in  which  members  of  both  bodies  could  take  part. 
Mr.  Mayer  was  prevented  from  presenting  it  in  person,  and  for  that  reason 
it  was  read  by  title. 

(U4 
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2iid.  To  turn  to  the  literature  of  the  subject,  and 
seek  to  find  whether  anything  has  been  printed  by  others 
bearing  on  the  problem  we  have  in  hand. 

3rd.  By  exchange  of  views  with  others  who  have 
experience  along  the  same  lines. 

For  each  to  work  them  out  unaided  is  entirely  too  long 
and  tedious  a  process  and  an  awful  waste  of  human  en- 
ergy. When  one  turns  to  the  literature  of  the  subject  it 
usually  happens  that  the  person  seeking  the  information 
finds  it  given  in  chemical  terms  with  which  he  is  not  ac- 
quainted. This  statement  is  intended  to  apply  not  to  the 
ceramic  chemists,  but  to  the  average  pottery  superintend- 
ents and  foremen  as  we  find  them  in  our  factories  today. 
There  remains  as  the  only  alternative  the  seeking  of  advice 
and  assistance  from  some  friend,  with  whom  he  can  talk 
the  matter  over.  As  I  view  the  matter,  this  latter  is  the 
method  by  which  the  bulk  of  the  progress  of  the  day  has 
come,  and  on  this  method  we  must  still  rely. 

The  American  potter  has  before  him  today  some  great 
I»roblems.  We  all  know  that  within  our  own  country  there 
are  immense  deposits  of  white  burning  clays,  but  how 
many  American  manufacturers  are  using  American  clays 
today?  It  will  at  once  be  asked  what  is  there  offered  for 
the  American  manufacturer  to  buy?  Unfortunately  the 
answer  must  be  that  there  is  very  little,  but  the  principal 
reason  why  there  is  so  little  is  that  the  American  potter 
is  very  timid  in  making  any  changes  in  his  body  mixes, 
and  does  not  even  experiment  willingly.  This  timidity 
comes  in  a  very  large  measure  from  lack  of  positive  infor- 
mation as  to  how  far  changes  can  be  made  without  endan- 
gering the  product. 

There  is  much  literature  bearing  on  the  subject  of 
pottery  bodies,  and  these  limits  of  practical  body  composi- 
tions have  been  fairly  well  worked  over.  There  is  the 
splendid  pioneer  work  of  Dr.  Seger,  and  a  very  great  deal 
in  the  Transactions  of  both  the  American  and  the 
English  Ceramic  Societies,  and  in  a  number  of  books,  but 
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uiifortunaleh-  the  bulk  of  this  literature  is  eutirelj-  sealed 
to  the  understaudiug  of  the  average  forenian  or  burner  or 
superintendent,  because  it  assumes  a  knowledge  of  cheinis- 
ti-y,  and  ability  to  use  chemical  formuhe,  and  possibly 
some  mathematics,  which  they  do  not  possess. 

I  am  now  satisfied  (though  I  used  to  be  of  a  different 
opinion)  that  if  the  American  Ceramic  Society  is  going  to 
be  of  any  practical  use  to  the  superintendents  of  our  fac- 
tories today,  it  must  put  its  literature  in  non-technical 
form,  so  that  it  can  be  understood  by  those  who  are  not 
able  to  read  chemistry  intelligently.  ^Ve  must  recognize 
the  fact,  that  when  a  man  gets  to  middle  life,  it  is  pretty 
hard  work  for  him  to  go  to  school  again  or  to  learn  chem- 
istry. The  minds  of  most  of  us  become  inelastic  and  slow 
to  take  up  new  conceptions  as  we  reach  middle  life.  Tf  a 
man  really  is  eager  to  learn,  you  will  at  once  say  he  will 
apply  himself  to  learn  to  handle  the  chemical  formuh'e. 
Experience  shows  that  he  does  not  do  so,  and  educational 
philosophy  tells  us  that  he  does  not,  generally  because  he 
cannot. 

The  men  to  whom  I  refer  are  now  actually  in  charge 
of  the  potteries,  and  it  is  to  them,  for  the  present  at  least, 
to  whom  we  must  look  for  changes  in  the  status  quo. 

This  brings  me  into  another  subject  in  which  T  am 
\ery  deeply  interested,  viz:  Why  do  so  very  few  of  our 
State  University  boys  get  into  the  potteries?  In  the  first 
place,  he  gets  very  little  show  to  do  so.  The  average  pot- 
tery superintendent  views  the  man  of  science  with  sus- 
picion, and  as  the  practical  man  is  now  in  charge,  the  col- 
lege graduate  gets  very  little  liely»  from  him  in  getting  a 
start  in  the  industry. 

As  a  matter  of  fact,  most  of  the  boys  have  turned  their 
attention  to  the  structural  material  industries,  and  are 
making  good.  We  have  data  today  in  the  Transactions  of 
the  American  Ceramic  Society  from  some  of  these  univer- 
sity boys  in  the  brick  business  that  shows  they  are  apply- 
ing their  engineering  and  chemical  training  to  their  Avork 
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ill  a  most  useful  uiauiier.     Similar  data  coming  from  the 
potteries  are  very  scarce  indeed. 

Beside  the  reluctance  of  pottery  superintendents  to 
introduce  possible  future  rivals  into  the  industry,  the 
labor  situation  of  the  potteries  makes  it  very  difficult  for  a 
young  student  to  gain  a  practical  knowledge  of  potting. 
He  can  not  enter  the  pottery  except  as  any  other  man  en- 
ters, and  he  must  spend  long  apprenticeship  in  doing 
things  that  he  can  master  in  a  short  time,  before  he  can 
get  any  chance  at  the  woi'k  which  really  requires  skill  and 
tecnique.  If  he  comes  in  as  the  protege  of  the  firm,  and 
armed  Avith  authority  from  the  office,  he  can  do  w  hat  he 
likes  to  gain  knowledge  rapidly,  but  if  he  comes  in  as  a 
workman,  he  must  take  his  time.  This  situation  does  not 
prevail  equally  in  other  clay  industries.  College  boys  can 
get  work  in  clay  plants  for  their  vacation  periods  of  two 
or  three  mouths,  and  work  in  a  dozen  different  capacities 
in  a  short  time,  gaining  a  wide  experience.  Not  so  in  the 
pottery. 

Another  feature  in  this  situation  which  most  potters 
are  unwilling  to  admit,  or  do  not  recognize,  is  the  fact 
that  the  structural  material  clay  industries  are  making 
much  more  rapid  advances  toAvards  getting  onto  a  sound 
scientific  and  engineering  basis  than  the  potteries,  and 
hence  they  offer  the  best  berths  for  young  college  gradu- 
ates. They  not  only  pay  better  wages,  but  they  offer 
greater  opportunity  for  the  use  of  chemical  and  engineer- 
ing training.  Pottery  manufacture  could  use  the  same 
kind  of  ability,  but  in  very  few  cases  have  potters  cast 
aside  their  old  conseiwatisms  and  frankly  gone  at  it,  Avith 
a  mind  free  from  liias,  to  find  Avhere  their  methods  can  be 
changed. 

The  present  tariff  on  pottery  is  not  likely  to  remain 
for  many  years  as  high  as  it  now  is.  The  tAvo  great  prob- 
lems that  must  be  soh'ed  to  meet  the  new  condition  are, 
first,  cheaper  materials  and  second,  better  machinery.  Both 
are  of  equal  importance.     The  American  Ceramic  So<'iety 
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is  tile  source  from  wliicli  lielp  will  come  on  the  material 
problem,  at  least. 

At  the  animal  meeting  in  AVashington,  December, 
1907,  a  committee  consisting  of  IT.  N.  Harker,  M.  Collear, 
W.  E.  Vodrey  and  E.  Mayer  was  appointed  to  investigate 
and  report  on  American  whiteware  materials.  The  work 
that  this  committee  was  asked  to  do  was  ''a  thorough  ex- 
amination and  testing  of  all  American  materials  with  a 
view  of  determining  their  comparative  value  for  potter's 
use."    The  following  is  the  report  of  that  committee: 

East  Liverpool,  Ohio,  Nov.  19th,  1908. 
To  the  United  States  Potter's  Association,  Gentlemen:  — 

At  the  annual  meeting  held  in  Washington,  D.  C,  December, 
1907,  a  committee  was  appointed  to  investigate  and  report  on 
American  materials. 

The  men  appointed  on  above  committee  were  Mr.  Joshua 
Poole,  chairman,  Mr.  H.  N.  Harker,  Mr.  M.  Collear,  Mr.  W.  E. 
Vodrey  and  Mr.  E.  Mayer. 

This  committee  met  in  East  Liverpool,  Ohio,  in  May,  1908,  at 
the  request  of  the  chairman,  who  stated,  that  for  personal  reasons 
which  he  explained,  he  could  not  act  as  a  member  of  the  com- 
mittee. 

At  a  subsequent  meeting  in  East  Liverpool,  Ohio,  the  commit- 
tee met  for  the  purpose  of  formulating  some  plan  to  meet  the 
wishes  of  the  Convention. 

The  only  instructions  that  this  committee  has  received,  were 
gathered  from  the  remarks  of  the  President  at  the  time  the 
committee  was  appointed.  From  his  remarks,  it  would  appear  that 
a  part  of  the  duties  of  this  committee  "was  a  thorough  examination 
and  testing  of  all  American  materials,  with  a  view  of  determining 
their  comparative  value  for  potter's  use." 

From  the  above  statement,  it  will  be  seen  that  the  task  set  is 
one  that  is  practically  impossible  for  the  committee  to  accom- 
plish, for  the  following  reasons: 

First.  That  in  "the  thorough  examination  and  testing  of  all 
American  materials,"  it  means  that  a  number  of  analytical  and 
physical  tests  would  have  to  be  made,  which  would  necessitate  the 
employment  of  one  or  more  Ceramic  chemists  at  considerable 
expense,  for  which  no  provision  has  been  made. 

Second.  One  serious  objection  that  has  confronted  this  com 
mittee,  is  the  fact  that  it  matters  not  how  faithfully  and  carefully 
they   may   follow    out   the    wishes    of   the    Association,    that   their 
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reports  could  not  be  made  without  your  committee  becoming  the 
advertising  medium  of  certain  brands  of  American  materials, 
which  they  do  not  care  to  do. 

Third.  This  committee  is  of  the  opinion  that  the  work,  as 
laid  out  by  the  Association,  is  now  being  done  in  a  more  tliorough 
and  comprehensive  manner  by  the  American  Ceramic  Society,  than 
could  possibly  be  done  by  any  committee  adopted  by  this  Associa- 
tion. The  Transactions  of  the  American  Ceramic  Society  are  filled 
with  valuable,  practical  suggestions  along  every  line  of  the  pottery 
industry,  and  the  fact  that  this  committee  seemed  a  necessity  to 
you,  was  due  solely  to  the  fact  that  this  Association  has  not  been 
fully  aware  of  the  great  work  already  done,  and  being  done,  along 
the  line  mapped  out  for  this  committee. 

We  respectfully  recommend  that  the  individual  members  of 
this  Association  do  everything  in  tiieir  power  to  increase  the 
membership  and  encourage  the  work  of  the  American  Ceramic 
Society,  for  we  believe  that  the  future  success,  at  least  from  the 
technical  side  of  our  industry,  depends  in  a  very  large  measure  in 
taking  advantage  of  the  opportunity  offered  by  the  American 
Ceramic  Society. 

Respectfully  submitted, 

ERNEST  MAYER, 
W.   E.   VODREY, 
H.    N.   HARKER, 
M.    COLLEAR, 

Committee. 

Tliis  iiivestiiiation  of  materials  is  a  very  important 
matter  for  tlie  United  Htates  Totters"  Association,  but  to 
ask  a  nnmber  of  manufactnring  i^otters,  avIio  have  tlieir 
own  business  to  attend,  to  examine  and  test  all  American 
materials,  is  simply  absurd.  That  the  materials  need  to 
be  tested  nobody  will  question,  but  the  association  could 
only  hope  to  get  real  work  done  by  properly  trained  cer- 
amic chemists  and  paying  them  for  their  work.  If  they 
will  spend  one-half  the  sum  the.^-  now  spend  on  matters 
pertaining  to  the  tariff,  they  would  be  amply  repaid  at  the 
end  of  tlie  year.  One  of  the  pi-actical  I'esults  wliicli  I  hope 
may  result  from  this  paper  will  be  a  joint  committee  from 
the  United  States  Potters'  Association  and  tlie  American 
Ceramic  Society  to  see  whether  a  closer  union  cannot  be 
made  between  the  two  societies. 
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A  fact  not  geuerally  known  is  that  outside  of  Dr.  Mel- 
lor,  practically  all  of  tlie  men  con ti-i'tn ting"  the  really  val- 
uable articles  to  the  Englisli  Ceramic  Society  are  practical 
manufacturing  potters.  This  is  a  somewhat  significant 
fact,  for  it  shows  that  they  at  least  are  not  averse  to  pub- 
lishing valuable  information  to  the  ^^■orld,  and  that  as  pot- 
ters they  recognize  what  the  English  Ceramic  Society 
stands  for. 

I  would  not  have  made  this  last  statement  about  the 
English  Ceramic  Soeiet}'^  except  for  the  fact  that  many 
of  the  American  pottery  manufacturers  regard  the  Ameri- 
can Ceramic  Society  as  a  lot  of  theorists,  wliose  work  has 
not  practical  use  or  value.  Tn  this  opinion  they  are 
perfectly  justified  if  we  have  done  nothing  to  show  our  re- 
liability from  the  practical  side.  Our  volumes  speak  for 
themselves  to  those  who  will  read  them.  Those  who  will 
not  or  cannot  read  them  are  not  entitled  to  condemn  them. 
In  conclusion  I  want  to  quote  a  few  remarks  made  by 
Mr.  G.  P.  Holdcroft,  a  very  practical  English  potter,  in 
his  address  as  president  of  the  English  Ceramic  Society: 

True  protection  for  our  trade  against  foreign  competition  is 
to  be  sought  in  better  trained  leaders  of  the  industry;  men  of 
wider  views,  such  as  we  should  expect  to  be  turned  out  from  a 
central  college  or  higher  technical  school.  While  it  is  dangerous 
to  follow  the  lead  of  the  inexperienced  expert,  it  is  equally  dan- 
gerous to  trust  to  the  non  scientific  man  whose  only  boast  Is 
experience  in  the  narrowest  rut. 

I  agree  most  heartily  with  the  chairman  of  the  Chamber  of 
Commerce,  Mr.  Giddard,  who  some  time  ago  pointed  out  how 
much  better  our  position  now  would  be  if  the  thousands  wasted 
on  arbitration  had  been  devoted  to  the  establishment  of  a  college. 
It  is  an  absolute  necessity  that  we  should  have  a  central  technical 
college  where  more  advanced  studies  and  researcli  work  can  be 
conducted. 

When  I  read  the  above  I  was  satisfied  tliat  those  sen- 
timents expressed  exactly  the  needs  of  the  American  potter 
as  well  as  liis  Enajlisli  brother. 


HEAT  BALANCE  OF  A  PLATE  GLASS  FURNACE. 

BY 

Frederick  Gelstharp,  Charleroi,  Pa. 

The  following  calciilatious  were  made  for  a  twenty- 
pot  plate  glass  furnace  of  modern  construction,  fired  with 
natural  gas.  The  inside  dimensions  were  twelve  feet  wide 
by  forty-nine  feet  long  and  five  feet  high.  The  glass  pots 
weighed  about  2000  pounds  each,  and  the  average  weight 
of  glass  poured  from  each  pot  was  1995  pounds  per  melt. 

This  furnace  required  320,000  cubic  feet  of  natural  gas 
at  normal  pressure  per  melt.  One  cubic  foot  has  a  calorific 
power  of  238  kilogram-calories.  We  will  continue  to  use 
the  kilogram  calorie  throughout  these  calculations.  As  a 
starting  point,  Ave  will  commence  with  the  pots,  returning 
to  the  furnace  immediately  after  a  cast. 

Glass  Pots.  The  pots  have  a  temperature  of  about 
500°  C  on  returning  from  a  cast,  and  they  will  be  finally 
heated  up  to  1400°C.  To  arrive  at  the  heat  units  required, 
we  take  the  specific  heat  of  the  clay  as  0.1907  and  the  co- 
efficient of  increase  per  degree  l-[-0.00039t°. 

Then 

Q   (0°—t°)  =0.1907   (l+0.00039t)t 

Q   (0°— 500°)  =0.1907   (1+0.00039X500)  X500 

Q  =  113. 944  calories 

or  the  kilogram  calories  contained  per  kilogram  of  glass 
pot  at  500°  C.    In  the  same  manner, 

Q   (0°— 1400°)  =0.1907   (1+0.00039X1400)  X1400 
Q  =  412.748  calories 

The  difference  is  the  heat  taken  up  per  kilogram  in 
heating  the  pot: 

412 .  748—113 .  944  =  298 .  804  calories. 
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The  weight  of  20  glass  pots  we  take  as  20,000  kilo- 
grams. Therefore  the  total  heat  units  required  to  heat 
the  pots  from  500°  O.  to  1400°  C.  is 

20000  X29S  or  5,976,000  kilogram  calories. 

Furnace.  The  fnruace  temperature  before  or  at  the 
beginning  of  a  neAv  melt  is  about  800^'  C,  and  will  also 
be  finally  1400°  C.  But  these  temperatures  are  superficial 
on  the  inside  surface,  and  to  estinuite  the  units  required, 
an  average  temperature  for  a  depth  of  6  inches,  must  be 
taken,  and  this  will  be  near  650°  C.  before  a  new  melt  is 
under  way  and  1000°  (\  at  full  heat. 

The  volume  of  the  brick  work  is 

50Xl2xM!X2=r600  cubic  feet  in  top  and   bottom 
50 X  5X%X2  =  250  cubic  feet  in  two  side  walls 
12X  5x1/2X2=    60  cubic  feet  in  two  end  walls 


Total     910  cubic  feet 

910  cubic  feet  X  156  pounds  per  cubic  feet 
2:2 


=  64527  kilograms 


Q  (  0°  —  650°)  =0.1907  (l-f0.00039x  650)  X  650  =  155.377. 
Q(  0°  —1000°)  =0.1907  (1+0. 00039X1000)X1000  =  265. 073. 
Q  (650°— 1000°)  =109.696  kilogram  calories  per  kilogram. 

Therefore,  the  total  heat  units  required  for  the  fur- 
nace will  be 

64527    kilosxl09.696    calories  =  7,078,611    kilogram    calories. 

Decomposition  of  Materials.  Tlie  batch  employed 
for  melting  into  glass  is 

Silica    100=SiO..    100.000 

Soda  Ash    32=Na.b    18.720  +  CO.,  13.280 

Salt    Cake    6=Na.O      2.613  +  SO,  3.387 

Limestone    35  =Ca6      19.600  +  CO^  15.400 

173  140.933  (glass)  32.067  (gases) 

The  heat  required  for  the  decomposition  of  these 
materials  is  the  same  as  that  given  out  on  the  combination 
of  the  elements  in  them. 
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For  sodiiiiii  carbonate  we  have: 

Na2C03  =  Na.O+C02 
—273,700  =  +  100,900  +  97,200 

e.    q.    Heat    Units    required  =  — 75,600    gram    calories    per    molecular 
weight. 

—75600 
=  —  713.2  kilogram  calories  per  kilogram. 

For  salt  cake: 

Na2S04  =  Na20+SO, 

—328,100  =  +100,900+91,900 
Heat  units  required^ — 135,300   gram  calories  per  molecular  weight. 

—135300 
=^  —  952 . 8  kilogram  calories  per  kilogram. 

For  limestone : 

CaCO,  =  CaO+CO, 

—273,850  =  +131,500+97,200 

Heat  units  required  =i  —  45,150  gram   calories   per  molecular  weight. 

—45150 

=:  —  451.5  kilogram  calories  per  kilogram. 

Referrino-  back  to  the  batch  composition,  we  will  esti- 
mate the  total  weioht  of  each  material  nsed.  The  twenty 
pots  will  prodnce  18130  kilojjrams  of  ^lass.     Hence, 

100 

Silica    required         =  18,136  X =12,868  kilos. 

140.933 

32 

Soda   Ash  required  =  18,136  X- =    4,118  kilos. 

140.933 

6 

Salt  Cake  required  =  18,136  X =       772  kilos. 

140.933 

35 

Limestone   required=  18,136  X =   4,504  kilos. 

140.933 

From  these  fignres  we  can  arrive  at  the  total  heat 
units  required  for  decomposition,  viz. : 

Soda  Ash  4,118X713.2  =  2,936,957 
Salt  Cake  772X952.8=  735,561 
Limestone    4,504X451.5  =  2,033,556 


Total,     5,706,074  kilogram  calories 
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From  this  must  be  deducted  the  heat  of  formation  of 
the  respective  silicates  i)roduced  in  melting  the  glass: 

Na„0+2  SiO.  =  Na„0,  2  SiO, 

—(100,900+360,000)  =506,100 
or  +  45200  gram  calories  per  molecular  weight. 

Hence, 

45200 

=:  4-  729  kilogram  calories  per  kilogram  of  Na,0 

62 

45200=-:  +  426.4  kilogram  calories  per  kilogram  of  NaoCOa 

106 

In  the  same  way,  we  have 

CaO  +  2  SiO.,  =  CaO,  2  SiO. 
—  (131,500  +  360,000)  =  +  509,350 
or  +  17,S50  gram  calories  per  molecular  weight 

17850 

=  +  318  kilogram  calories  per  kilogram  of  CaO, 

56 

17850 
or =  +  178.5  kilogram  calories  per  kilogram  of  CaCOs. 

The  total  heat  generated  by  the  formation  of  silicates 
therefore  is: 

From  Na.CO,  =  4118  kg.  X  426.4  kg.  cal.  =  1,755,915 
From  Na.S04=  772  kg.  X  318.3  kg.  cal.  =  245,727 
From     CaCO,  =  4504  kg.  X  178.5  kg.  cal.  =    803,964 

Total  =  +  2,805,606 

Deducting  this  heat  of  formation  from  tlie  liea.t  used 
in  decomposition,  we  have 

—5,706,074  +  2,808,606=— 2,900,468   kg.   calories. 

as  the  total  heat  units  absorbed  in  tlie  combination  of  the 
ingredients  of  the  glass. 

Melting  the  Glass.     The  specific  heat  of  glass  is  ob- 
tained as  follows: 

Sp.  Hf.  Wt. 

Na„0    0.2250  X    21.333=    4.80 

Cab    0.1719  X    19.600=    3.37 

SiOj     0.1833X100.000  =  18.33 

140.933  =  26.50 
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2&.50 

=: 0.188  kilogram  calories  per  degree. 

140.933 

Q    (0°— 1400°)  =0.188    (1 +  0.00039  X  1400)  X  1400  =  406.907   kilogram 

calories  per  kilo,  of  glass. 

18,136  kilos  glass  X  406.907  =  7,3379,665   kg.   calories. 

To  this  must  be  added  the  latent  heat  of  fusion  Avhich 
approximates  25%  of  the  specific  heat,  or 

7,379,665x5/4  =  9,224,581  kilogram  calories. 

Heat  Carried  Away  in  Waste  Gases.    The  gases  from 
the  decomposition  of  the  materials  are  as  follows : 

P'or   140.933  kilos  glass  =  28.68     kilos  CO, 
=    3.387  kilos  SO3 
18,136       kilos  glass     =1690       kilos  CO4 
435.26  kilos  SO3 
(348.21  kilos  SO.+87.05  kilos  O) 

The  temperature  at  which  the  waste  gases  leave  the 
furnace  at  the  chimney  may  be  taken  at  375° C 
1G90  kilos  CO2  at  375°  C.  contains: 

Q  (0°— 375°)  =  1690    (0.19  +  0.00011  X  375)  X  375  =  146.554    kilogram 
calories. 

348.21  kilos  SOo  at  375°  contains : 

Q  (0°— 375°)  =348.21   (0.125  +  0.0001  X  375)  X  375  =  21.219  kilogram 
calories. 

87.05  kilos  Oo  at  375°  C.  contains: 

Q  (0°— 375°)  =87.05    (0.2104  +  0.0000187  X  375)  X  375  =  7.096  kilo- 
gram calories. 

Total  heat  caiTied  away  by  gases  from  decomposition 
of  raw  materials  ^174.869  kilogram  calories. 

Waste  Gases  from  Combustion.     One  cubic  foot  of 
natural  gas  after  combustion  gives: 

^  Water  vapor    1 .  915  cubic  feet 

Carbonic  acid    0.980  cubic  feet 

Nitrogen   7.43     cubic  feet 

Total    10 .  325  cubic  feet 
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As  I  have  at  liaiid  the  data  per  cubic  meter,  it  is  con- 
venient to  make  tliis  calculation  in  that  unit. 

1.915  cubic  meters  water  vapor  at  375° C  contains: 

Q  (0°— 375°)  =1.915  (0.34  +  0.00015  X  375)  X  375  =  284.4  kilogram 
calories. 

0.98  cubic  meters  of  carbonic  acid  (CO^)  at  375°C 
contains : 

Q  (0°— 375°)  =0.98  (0.37  +  0.00022  X  375)  X  375  =  166.2  kilogram 
calories. 

7.43  cubic  meters  of  nitrogen  at  375°C  contains: 

Q  (0°— 375°)  =  7.43    (0.303  +  0.000027  X  375)  X  375  =  940.6   kilogram 
calories. 

Hence  the  total  heat  units  in  waste  gases  from  1  cubic 
meter  of  natural  gas  is 

284.4  +  166.2  +  940.6  =  1391.2  kilogram  calories. 

Since  320,000  cubic  feet,  or  90G7  cubic  meters,  of 
natural  gas  are  consumed  per  melt,  the  total  units  are: 

1391.2  X  9067  =  12,610,000   kilogram    calories. 

To  this  must  be  added  the  units  in  the  gases  from  de- 
composition products  of  the  batch, 

12,610,000  +  174,869  =  12,784,869   kilogram   calories. 

which  is  the  total  heat  going  up  the  chimney. 

Regenerators.  At  the  finish  of  a  melt,  the  regenera- 
tors have  increased  in  temperature  from  about  450° C  to 
850 °C.  The  weight  of  the  brick  checker-work  may  be  taken 
as  50  tons  or  50,000  kilograms. 

Q  (0° — 450'')=0.1907  (1  +  0.00039  X  450)  X  450  =  100.9  kilogram 
calories  per  kilogram. 

Q  (0°— 850°)  =0.1907  (1  +  0.00039  X  850)  X  850  =  215.8  kilogram 
calories  per  kilogram. 

Q  (450° — 850°)  =215. 8 — 100.9  =  114.9  kilogram  calories  per  kilo- 
gram. 
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Total  heat  units  represented  by  increase  of  tempera- 
ture of  regenerators  = 

114.9X50,000  =  5,745,000   kilogram   calories. 

Heat  Evolved, 

,  Qon^nnn"'^''!.^''''*  ''''''^'^^'^  ^^  ^^^*  ^^^^  ^^  ^^^  Combustion 
of  320,000  cubic  feet  of  natural  gas,  yielding  238  kilogram 
calories  per  cubic  foot,  or  71,400,000  kilogram  calories  in 
totai. 

Radiation  and  Conduction. 

To  make  this  work  complete,  it  is  also  necessary  to 
calculate  the  heat  lost  by  radiation  and  conduction,  but 
unfortunately  we  have  to  assume  so  much  that  little  or  no 
value  can  be  attached  to  such  calculations.  I  therefore 
hesitate  to  repeat  them,  but  think  it  might  be  interestino- 
to  note  that  for  those  quantities  I  arrivefl  at  a  fi-ure  close- 
ly resembling  that  found  by  difference  in  the  usual  way. 

SUMMARY. 
The  foregoing  calculations  give  us: 


Furnace    

Regenerators 

Glass  Pots 

Decomposition  of  batch!! 

Contained  in  the  glass 

Escaping  by  chimney    

Radiation  and  Conduction 

Total     


Kiloera-n  Calories 

Per  Cent  of 

the  Total 

7,078,611 

9.91 

5,745,000 

8.04 

5,976,000 

8.37 

2,900,468 

4.06 

9,224,581 

12.91 

12,784,869 

17.90 

27,690,471 

38.78 

71,400,000 

100.00 

A  STUDY  OF   THE   VITRIFICATION   RANGE   AND 

DIELECTRIC  BEHAVIOR  OF  SOME 

PORCELAINS. 

BY 

A.  V.  Bleininger,  Pittsburg-,  Pa.,  and  E.  T.  Stull, 
Urbana,  111. 

The  object  of  this  work,  which  was  begun  in  the  sum- 
mer of  1908,  was  to  show  by  graphical  means  the  propor- 
tions of  clay,  feldspar  and  flint  which  produce  vitrified 
clay  bodies  at  temperatures  within  the  limits  of  American 
practice.  At  the  same  time  this  opportunity  was  taken 
to  show,  if  possible,  the  relation  between  the  composition 
of  the  bodies  and  their  electrical  resistance.  In  order  to 
bring  out  the  effect  of  introducing  the  various  clays  used 
in  the  industries  it  was  decided  to  cover  the  field  outlined 
by  using  Tennessee  ball  clay  No.  3,  North  Carolina  kaolin, 
English  China  clay  and  Georgia  kaolin.  All  of  these 
materials,  as  well  as  the  feldspar  and  flint  were  obtained 
from  the  works  of  the  Mayer  Pottery  Company,  Beaver 
Falls,  Pa.,  through  the  kindness  of  Mr.  Ernest  Mayer  and 
Mr.  Herford  Hope. 

The  materials  were  anahzed  in  the  chemical  depart- 
ment of  the  University  of  Illinois.  The  results  of  the 
analyses,  as  well  as  the  empirical  formulse  of  these  compo- 
nents are  given  in  the  following  table: 

Chemical  Analysis  of  Materials. 


N.  C.   Kaolin      En^.  China  Clay    Georgia  Kaolin. 


Potash  Spar. 


BiO. 

Fe^O, 

CaO 

NfgO 

K„0 

Na.,0 

H„6 


48.54% 
36.25% 
.07% 
.32% 
.32% 
.70% 
.28% 
12.13% 


45.74%o 

40.18% 

.57% 

.30% 

.34% 

1.19% 

.55% 

14.30% 


47.06% 

38.70%o 

.40% 

.58% 

.49% 

1.05% 

.23% 

12.22% 


46.86%, 
38.67% 

.57% 
.55% 
.25% 
.27% 
.49% 
13.27%, 


70.03%, 

17.80%> 

.21% 

.98%, 

.16% 

8.71%, 

1.61% 

.35% 
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Chemical  Formulae. 


.0209  K,0 

.0127  Na„0 

Tennessee   Ball  .0161  Cab 

Claj-    022.5  MgO 

.0722 

.0321  K.,0 

.022.5  Na.,0 

North   Carolina  .0136  Cab 

Kaolin    0216  MgO 

.0898 

.0294  K„0 

.0098  Na.O 

English    China  .0273  Cab 

Clay .0323  MgO 

.0988 


1.0000  ALO, 
.0118  Fe.O. 


2.276  SiO., 


Mol.  Wt.  =  279.173 


1.0000  A1.,0, 
.0090  Fe„0.     1.935  SiO. 


Mol.  Wt.  =  261.898 


1.0000  AI..O3 
.0066  Fe-.O", 


2.067  SiO, 


Mol.  Wt.  =  265.507 


Georgia    Kaolin. 


.0076  K..0 
.0208  Na,.0 
.0258  Cab 
.0164  MgO 


]  .0000  ALO 
.0094  FeoO, 


2.055  SIO, 


.0706 


Mol.  Wt.  =  275.816 


Potash   Spar 


.5283  K„0 
.1480  Na..O 
.0998  Cab 
.0228  MgO 


1.0000  ALO.. 
.0075  Fe.O, 


6.655  SiO, 


7989 


Mol.  Wt. --569.832 


The  scheme  of  compounding  the  bodies  was  simple. 
Starting  with  a  mixture  of  50%  of  clay  and  50%  of  feld- 
spar the  latter  was  graduallv  replaced  by  flint  down  to  a 
content  of  5%  feldspar.  The  amount  of  clay  was  then 
increased  to  55%  and  again  the  feldspar  replaced  as  be- 
fore. This  was  continued  until  a  clay  content  of  80%  was 
reached. 

In  table  I  the  composition  of  the  bodies  and  their  for- 
mulae are  given. 

Preparation  of  Specimens. 

The  clays  were  blunged  and  screened  in  the  usual 
manner,  and  from  the  prepared  bodies  two  kinds  of  speci- 
mens were  made.  For  the  purpose  of  obtaining  measure- 
ments  of   the  porosity   at   different   temperatures   small 
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TABLE    I. 


BATCH 

FORMULA 

f^°-        Kaol. 

Spar. 

Flint 

K.O 

Na;0   CaO 

MsO 

AI2O3   Fe.O, 

SiO.. 

A  1 

2 

100 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
55 
55 

0 
50 

45 
40 
35 
30 
25 
20 
15 
10 
5 
45 
40 
35 
30 
25 
20 
15 
10 
5 
40 
35 
30 
25 
20 
15 
10 
5 
35 
30 
25 
20 
15 
10 
5 
30 
25 
20 
15 
10 
5 
25 
21 
1  17 
1  13 
9 
1  5 

1 

0 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

0 

5 

10 

15 

20 

25 

30 

35 

40 

0 

5 

10 

15 

20 

25 

30 

35 

0 

5 

10 

15 

20 

25 

30 

0 

5 

10 

15 

20 

25 

0 

4 

i  8 

i  12 

16 

20 

.0076 
.1777 
.1660 
.1531 
.1397 
.1248 
.1093 
.0925 
.0742 
.0534 
.0316 
.1555 
.1430 
.1303 
.1163 
.1015 
.0857 
.0682 
.0498 
.0293 
.1349 
.1226 
.1088 
.0953 
.0804 
.0640 
.0468 
.0279 
.1154 
.1027 
.0893 
.0754 
.0599 
.0438 
.0262 
.0973 
.0847 
.0717 
.0568 
.0417 

.0208 

.0625 
.0596 
.0565 
.0535 
.0496 
.0458 
.0416 
.0323 
.0322 
.0268 
.0571 
.0541 
.0598 
.0476 
.0440 
.0401 
.0359 
.0314 
.0264 
.0502 
.0440 
.0457 
.0425 
.0388 
.0349 
.0307 
.0261 
.0471 
.0441 
.0408 
.0373 
.0336 
.0296 
.0254 
.0427 
.0397 
.0364 
.0329 
.0291 

.0258  .0164 
.0502  .0186 
.0485  -0185 

1 

1.000 
1.000 
1.000 
1.000 
1.000 

.0095  2.055 
.0089  3.555 
.0088  3.675 

4 

.0443 
.0449 
.0427 
.0404 
.0379 
.0352 
.0322 
.0295 
.0476 
.0452 
.0437 
.0416 
.0395 
.0371 
.0346 
.0318 
.0293 
.0438 
.0423 
.0402 
.0383 
.0360 
.0337 
.0311 
.0287 
.0414 
.0396 
.0375 
.0355 
.0332 
.0308 
.0286 
.0392 
.0370 
.0350 
.0329 
.0306 
.0286 
.0361 
.0347 
.0335 
.0310 
.0299 
.0282 

.0184 
.0181 
.0180 
.0180 
.0176 
.0174 
.0171 
.0168 
.0183 
.0182 
.0180 
.0178 
.0177 
.0175 
.0173 
.0170 
.0168 
.0181 
.0179 
.0177 
.0177 
.0174 
.0172 
.0170 
.0168 
.0178 
.0174 
.0175 
.0173 
.0172 
.0170 
.0168 
.0176 
.0175 
.0173 
.0172 
.0170 
.0168 
.0174 
.0170 
.0172 
.0166 
.0170 
.0168 

.00914.002 
0091I4  5>49 

6 

1.000  .009014.513 
1.000  .0094i4.850 

8 

9 

10 

11 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

.0093[5.113 
.009215.450 
.009115.817 
.0095i4.216 

12 

.009013.359 

13 

.0093'3.557 

14 

55 
55 
55 
55 
55 
55 
55 
60 
60 
60 
60 
60 
60 
60 
60 
65 
65 
65 
65 
65 
65 
65 
70 
70 
70 
70 
70 
70 
75 
75 
75 
1  75 
1  75 
1  75 

.0092  3.775 

15 

1.000 

.0091  4.008 

16 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

.OO95I4.254 

17 

.0094i4.520 

18 

.0093  4.807 

19 

.009215.114 

20 

.009615.456 

21 

.00903.178 

22 

.00893.367 

23 

.0089  3.556 

24 

.009113.781 

25 

.009114.015 

26 

.009014.262 

27 

.0089  4.527 

28   

.0093  4.813 

29 

.00913.006 

30 

.0090  3.187 

31 

.0093  3.368 

32 

.0092  3.571 

33 

.0092  3.790 

34 

.00914.021 

35 

.0094 
.0091 
.0094 
.0093 
.0094 
.0092 
.0095 
.0092 
.0092 
.0090 
.0090 
.0090 
.0093 

4.266 

36 

2.846 

37 

3.013 

38 

3.192 

39 

3.381 

40 

3.582 

41   

.02521.0252 
.0801  .0380 
.0700  .0363 
.05931.0335 

3.796 

42 

2.692 

43 

2.788 

44 

2.625 

45 

46 

47 

.0472 
.0362 
.0239 

.0303 
.0278 

1.0285 

3.028 
3.236 
3.387 
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TABLE  I— CoiitiDued 


BATCH 

FORUMLA 

No. 

Ga. 
Kaol. 

Spar 

Flint 

K.O 

Na.O 

CaO 

MgO 

Al.O.T 

Fe^Oa 

SiO. 

A  48 

75 

1 

?A 

.0109 

.0218 

.0282 

.0163 

1.000 

.0092 

3.549 

49 

80 

?0 

0 

.0640 

.0346 

.0339 

0173 

1  000 

0092 

2  552 

50 

80 

17 

3 

.0563 

0328 

0328 

0172 

1  000 

0090 

2  639 

51 

80 

14 

6 

.0483 

.0305 

.0318 

.0172 

1.000 

.0092 

2.733 

52 

80 

11 

9 

.0401 

0291 

0304 

0168 

1  000 

0091 

2  829 

53 

80 

8 

12 

.0314 

.0270 

.0293 

.0168 

1.000 

.0092 

2.927 

54 

80 

5 

15 

.0228 

.0250 

.0281 

.0167 

1.000 

.0094 

3.278 

55 

80 

Tenn. 

2 

18 

.0140 

.0225 

.0268 

.0167 

1.000 

.0092 

3.134 

B  1 

Ball. 
100 

0 

0 

.02091.0127 

.0161 

.0225 

1.000 

.011812.276 

2 

50 

50 

0 

.1876 

.0573 

.0438 

.0225 

1.000 

.0105 

3.715 

3 

50 
50 
50 
50 
50 
50 
50 

45 
40 
35 
30 
25 
20 
15 

5 
10 
15 
20 
25 
30 
35 

.1764 
.1636 
.1502 
.1359 
.1206 
.1041 
,0857 

.0543 
.0509 
.0472 
.0436 
.0395 
.0350 
.0302 

.0415 
.0393 

.  0378 
.0354 
.0327 
.0300 

,  05^68 

.0225 
.0224 
.0224 
.0224 
.0224 
.0224 
.0224 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

.0105 
.0108 
.0108 
.0108 
.0112 

3.937 

4 

4.177 

5 

4.432 

6 

4.707 

7 

5.000 

8 

.011215.327 

9 

.011215.677 

10 

50 
50 
55 

10 

5 

45 

40 

45 

0 

.0661 
.0442 
.1663 

.0250 
.0192 

.0234 
.0202 

.0224 
.0223 
.0224 

1.000 
1.000 
1.000 

.011216.058 

11 

.011716.471 

12 

.0515  .0402 

.010513.528 

13 

55 

40 

5 

.15421.0483 

.0382 

.0224 

1.000 

.010913.738 

14 

55 

35 

10 

.1416 

.0449 

.0364 

.0225 

1.000 

.0108J3.951 

15 

55 

30 

15 

.1276 

.0401 

.0340 

.0224 

1.000 

.010814.195 

16 

55 

25 
20 

20 
25 

.1133 

.0980 

.0374|.0311 
.0332  .0289 

.0224 
.0224 

1.000 
1.000 

.011214.455 

17 

55 

.0112  4.735 

18 

55 

15 

30 

.0806 

.0287  .0260 

.0224 

1.000 

.0112  5.027 

19 

55 

10 

35 

.0599 

.0227 

.0218 

.0214 

1.000 

.0107  5.111 

20 

55 

5 

40 

.04241.0185 

.0200 

.0223 

1.000 

.0116  5.700 

21 

60 

40 

0 

.1459 

.0463 

.0368 

.0224 

1.000 

.0109  3.354 

22 

60 

35 

5 

.1339 

.0435 

.0351 

.  0224 

1.000 

.0109 

3.550 

23 

60 

30 

10 

.1207 

.0400 

.0329 

.0224 

1.000 

.0108 

3.760 

24 

60 

25 

15 

.  1070 

.0359 

.0305 

.0225 

1.000 

.0112 

3.984 

25 

60 

20 

20 

.0924 

.0320 

.0280 

.0224 

1.000 

.0112 

4.224 

26 

60 

15 

25 

.0763 

.0279 

.0253 

.0224 

1.000 

.0112 

4.482 

27 

60 

10 

30 

.0509 

.0232 

.0223 

.0223 

1.000 

.0112 

4.758 

28 

60 

5  1 

35 

.0407 

.0183 

.0197 

.0223 

1.000 

.0116 

5.059 

29 

65 

35  1 

0 

.1271 

.0411 

.0340 

.0224 

1 .  000 

.0109 

3.189 

30 

65 

30  1 

5 

.1145 

.0378  .0319 

.0224 

1.000 

.0109 

3.725 

31 

65 

25 

10 

.1016 

.0343  .0297 

.0224 

1.000 

.0112 

3.494 

32 1 

65 

20 

15 

.0877 

.0306  .0272 

.0224 

1.000 

.0112 

3.781 

33 

65 

15 

20 

.0726 

.0266|.0247 

.0224 

1.000 

.011214.001 

34 

65 

10 

25 

.0568 

.0224|.0220 

.0224 

1.000 

.0112  4.245 

35 1 

65 

5  1 

30 

.0393 

.0178|.0194 

.0224 

1.000 

.0116  4.504 

36 1 

70 

80  1 

0 

.1088 

.03631.0310 

.0224 

1.000 

.0110  3.035 

37 1 

70 
70  1 
70 
70 

25  ! 

20 

15 

10  1 

5 
10 
15 
20 

.0964 
.0833 
.0689 
.0541 

.03291.0282 
.0294  .0266 
.0257  .0245 

.0224 
.0224 
.0224 
.0224 

1.000 
1 .  000 
1.000 
1.000 

.01113.244 

38 

.011213.398 

39 

.011213.595 

40 

.02161 

.02161 

.0112' 

3.805 
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BATCH 


Tenn. 
Ball. 


Spa      Flint 


B  41 

70 
75 
75 
75 
75 
75 
75 
75 
80 
80 
80 
80 
80 
80 
80 

N.  C. 

Kaol. 

100 

50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
55 
55 
55 
55 
55 
55 
55 
55 
55 
60 
60 
GO 
60 
60 
60 
60 
60 
65 
65 
65 
65 
65 

5 

42 

^5 

43 

91 

44 

17 

45 

13 

46 

9 

47 

5 

48 

49 

1 

50 

17 

51 

14 

52 

11 

53 

s 

54 

5 

55 

C  1 

2 
0 

2 

50 

3 

45 

4 

40 

5 

35 

6 

30 

95 

8 

90 

9 

15 

10 

10 

11 

5 

12 

45 

13 

40 

14 

35 

15 

30 

16 

95 

17 

90 

18 

15 

19 

10 

20 

5 

21 

40 

22 

35 

23 

30 

24 

95 

25 

90 

26 

15 

27 

10 

28 

5 

29 

35 

30 

30 

31 

95 

32 

90 

*  33 

15 

FORUMLA 


KjO       NaaO         CaO       MgO       AKO.i     FcoO 


0 
0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
0 
5 
10 
15 
20 
25 
30 
35 
40 
0 
5 
10 
15 
20 
25 
30 
35 
0 
5 
10 
15 
20 


25 

.0339 

.0173 

.0193 

0 

.0922 

.0317  .0282 

4 

.0822 

.029J 

.0265 

8 

.0717 

.0261 

.0248 

12 

.0607 

.0234 

.0230 

16 

.0488 

.0202 

.0212 

20 

.0368 

.0170 

.0191 

24 

.0241 

.013; 

.0170 

0 

.0765 

.0277 

.0252 

3 

.0689 

.0256  .0240 

6 

.0611 

.02351.0228 

9 

.0530 

.02161.0213 

12 

.0446 

.019;)  .0200 

15 

.0359 

.0169  .0186 

18 

.0238 

.0145 

.0173 

SiOi 


,0224  1.000 
,022411.000 
,022311.000 
,022411.000 
,022311.000 
,0223  1.000 


.0223 

.0222 
.0224 
.0224 

.0225 


1.000 
1.000 
1.000 
1.000 
1 .  000 


,022211.000 
,022311.000 


0321 
1884 
1774 
1654 
1530 
1392 
12481 
1093 
0921 
0739 
,0535 
,1678 
,1207 
,1444 
1313 
,1177 
.1033 
,0872 
,0703 
.0517 
.1483 
,1372 
.1245 
,1117 
.0980 
.0830 
.0673 
.0500 
.1303 
.1153 
.1065 
.0935 
.0794 


0225i 
0621 
0593 
0563 
0531 
0496 
0460 
0420 
0378 
0331 
0280 
,0567 
,0539 
,0508 
,0476 
.0441 
,0400 
,0364 
.0321 
.  0274 
.0520 
,0493 
.0461 
,0432 
.0394 
.0356 
.0316 
.0273 
.0471 
.0446 
.0414 
.0381 
.0346 


.01361 
.0409 
.0352 
.0364 
.0349 
.0324 
.0298 
.0270 
.0239 
.0206 
.0175 
.0374 
.0354 
.0335 
.0312 
.0287 
.0261 
.0233 
.0202 
.0174 
.0337 
.0321 
.0298 
.0275 
.0250 
.0223 
.0195 
.0168 
.0310 
.0289 
.0267 
.0244 
.0219 


.022311.000 

.022411.000 

1 

.0216 

1 
1.000 

.0219 

1.000 

.0219 

1.000 

.0218 

1.000 

.0218 

1.000 

.0218 

1.000 

.0217 

1.000 

.0217 

1.000 

.0217 

1.000 

.0216 

1.000 

.0215 

1.000 

.0218 

1.000 

.0218 

1.000 

.0217 

1.000 

.0217 

1.000 

.0216 

1.000 

.0216 

1.000 

.0216 

1.000 

.0215 

1.000 

.0215 

1.000 

.0217 

1.000 

.0217 

1.000 

.0216 

1.000 

.0216 

1.000 

.0216 

1.000 

.0215 

1.000 

.0215 

1.000 

.0215 

1.000 

.0216 

1.000 

.0216 

1.000 

.0216 

1.000 

.0216 

1.000 

.0215 

1.000 

0J15 
0112 
0111 
0111 
0113 
0112 
0115 
0115 
0115 
0114 
0115 
0115 
0116 
0118 
0117 


4.030 
2.891 
3.022 
3.159 
3.305 
3.457 
3.619 
3.787 
2.753 
2.846 
2.942 
3 .  041 
3.151 
3.251 
3.456 


.0090:1.935 


0086 
0085 
0088 
.0087 


3 .  420 
3.623 

3.842 
4.073 


.0087  4.323 
.008514.591 
008914.880 
008815.192 
.008715.532 
.00905.898 
.008613.224 
.0089i3.417 
.0088i3.616 
.0087|3.832 
.009014.061 
.009014.312 
.0089J4.577 
.008914.863 
.0090|5.171 
.008713.037 
.008613.225 
.008513.404 
.008813.609 


.0087 
.0086 
.0085 
.0088 


3.823 
4.053 
4.299 
4.559 


0087  2.867 


.0086 
.0089 
.0089 
.0087 


3.036 
3.214 
3.401 
3.601 


i 
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TABLE  1— Continued. 


1 

BATCH 

FORUMLA 

1 
No. 

N.  C. 
Kaol. 

Spar 

Flint 

K2O       Na^O 

1 

CaO       MeO 

AI.O3 

FesOa 

SiOa 

C  34 

65 
65 

70 
70 
70 
70 
70 
70 
75 
75 
75 
75 
75 
75 
75 
80 
80 
80 
80 
80 
80 
80 

Eng. 
China 
100 

50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
55 
55 
55 
55 
55 
55 
55 
55 
55 
60 
j   60 
60 
60 
60 
60 

10 

5 

30 

25 

20 

15 

10 

5 

25 

21 

17 

13 

9 

5 

1 

20 

17 

14 

11 

8 

5 

2 

0 
50 
45 
40 
35 
30 
25 
20 
15 
10 

5 
45 
40 
35 
30 
25 
20 
15 
10 

5 
40 
35 
30 
25 
20 
15 

25  1 
30 

0 

5 
10 
15 
20 
25 

0 

4 

8 
12 
16 
20 
24 

0 

3 

6 

9 
12 
15 
18 

0 

0 

5 
10 
15 
20 
25 
30 
35 
40 
45 

0 

5 
10 
15 
20 
25 
30 
35 
40 

0 

5 
10 
15 
20 
25 

.06471-0309 

1      '      1 

.0192  .0214  1.000    0086  3  815 

35 

.0486 
.1145 
.1019 
.0899 
.0763 
.0624 
.0474 
.0979 
.0885 
.0788 
.0686 
.0576 
.0464 
.0347 
.0835 
.0763 
.0691 
.0616 
.0538 
.0459 
.0379 

.0294 
.1880 
.1770 
.1648 
.1480 
.1382 
.1236 
.1079 
.0904 
.0718 
.0513 
.1675 
.1558 
.1437 
.1304 
.1168 
.1020 
.0857 
.0686 
.0495 
.1475 
.1360 
.1235 
.1104 
1.0965 
1.0812 

.0268 
.0431' 
.0401 
.0370 
.0337 
.0302 
.0264 
.0391 
.0369 
.0342 
.0317 
.0288 
.0261 
.0233 
.0355 
.0337 
.0318 
.0302 
.0281 
.0261 
.0239 

.0098 
.0536 
.0505 
.0472 
.0436 
.  0398 
.0358 
.0313 
.0266 
.0214 
.0157 
.0480 
.0447 
.0413 
.0377 
.0338 
.0297 
.0253 
.0204 
.0153 
.0425 
.0393 
.0359 
.0322 
,  0?,83 

0167    02141  000    onsctU  (m.^ 

36 

.0247  !0218'l!000 
.0257  .02151.000 
.0235  .0215  1.000 
.0211  .0215  1.000 
.01861.02141.000 
.0163  .02141.000 

.0088!2.680 

37 

OO90J2  892 

38 

.00893.067 
.0089  3.243 

39 

40 

0088  3  428 

41 

.0090  3   632 

42 

.0254  .O2I61I. 000  .009012.231 

43 

.0235    02141  000    0090'2  681 

44 

.0219;. 02151. 000  .009012.802 

45 

.02011.0214  1.000!. 0090:2. 932 

46 

.01821.0215  1.000  .OO90I2.O66 

47 

.0163'. 0214  1.000  .OO90I3.2O6 

48 

.0142j.0212'1.000|.  009013. 353 

49 

.02261.0217  1.000  .0089'2.451 

50 

.0215  -05>1Si1.nOO    008712   504 

51 

.0203 
.0188 
.0175 
.0162 
.0149 

.02181. 000;. 0088i2. 588 

52 

.02161. 0001. 0086(2.678 

53 

.0216:1.000     nnS7'2    764 

54 

.02171.000 
0217:1    000 

.00892. 863 

55 

.009012.959 

D     1 

.02731.03231.000 
.0504  .02931.000 
.04871.0296  1.000 
.0468;. 0298  1.000 

.0066|2.067 

2 

.0069i3.525 

3 

.006713.734 

4 

.006913.957 

.0332 
.0431 
.0409 
.0385 
.0360 
.0330 
.0304 
.0475 
.0458 
.0443 
.0423 
.0402 
.0380 
.0356 
.0330 
.0306 
.0446 
.0431 
.0405 
1.0382 
1.0371 

.03001.000 
.03031.000 
.03061.000 
.0309:1.000 
.0312il.000 
.0315'1.000 
.03201.000 
.02971.000 
.02991.000 
.03021.000 
.0303  1.000 
.030611.000 
.031411.000 
.0317,1.000 
.0316il.000 
.03201.000 
.03001.000 
.03031.000 
.031311.000 
.03081.000 
.03101.000 

.00684.192 

6 

.00664.452 

.0069'4.728 

8 

.006715.003 

9 

.0066  5.348 

10 

.0064  5.698 

11 

.006616.077 

12 

.0070|3.334 

13 

.007213.529 

14 

.0071'3.692 

15 

.0069  3.956 

16      

.0072  4.197 

17 

.0070  4.453 

18 

.00694.729 

19 

.006715.023 

20 

.007115.340 

21 

.00713.150 

22 

23 

24 

25 

.007013.336 
.006813.531 
.007013.738 
.00693.961 

26 

.0242 

|.0349 

.0305|1.000 

.006714.197 

631 
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1 

BATCH 

FORUMLA 

No. 

Eng. 

Spar 

Flint 

K.3O 

Na^O  1  CaO 

MgO 

AI2O3 

FfnOg     SiOo 

D  27 

28 

29 

30 

31 

60 
60 
65 

65 
65 
65 
65 
65 
65 
70 
70 
70 
70 
70 
70 
75 
75 
75 
75 
75 
75 
75 
80 
80 
80 
80 
80 
80 
80- 

10 

5 
35 
30 
25 
20 
15 
10 

5 
30 
25 
20 
15 
10 

5 
25 
21 
17 
13 

9 

5 

1 

20 

17 

14 

11 

8 

5 

2 

30 

35 

0 

5 

10 

15 

20 

25 

30 

0 

5 

10 

15 

20 

25 

0 

4 

8 

12 

16 

20 

24 

0 

3 

6 

.  9 

12 

15 

18 

.0653 

.0477 
.1296 
.1176 
.1053 
.0921 
.0778 
.0629 
.0465 
.1122 

.0197 

.0149 
.0375 
.0343 
.0308 
.0271 
.0232 
.0190 

.0324 
.0302 
.0421 
.0i03 
.0384 
.0364 
.0343 
.0320 

.0316 
.0319 
.0304 
.0306 
.0308 
.0311 
.0309 
.0316 
.0319 
.0307 
.0309 
.0311 
.0314 
.0316 
.0319 
.0309 
.0310 
.0313 
.0314 
.0320 
.0319 
.0320 
.0315 
.0320 
.0319 
.0319 
.0320 
.0322 
.0321 

1.000 
1 .  000 
1.000 
1.000 

1.000 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

.0065 
.0068 
.0069 
.0067 
.0069 
.0068 
.0066 
.  0065 
.0067 
.0067 
.0068 
.0069 
.0065 

4.451 

4.719 
2.987 
3.159 
3.342 

32 

33 

3.534 
3.746 

34 

3.963 

35 

.0146i.0300 

4.198 

36 

,  0326 

.0395 
.0377 
.0358 
.0338 
.0316 
.0297 
.0371 
.0338 

2.831 

37 

.1005 

.0296 

2 .  993 

38 

.0881 
.0745 
.0605 

.0261 
.0224 

,0185 

3.169 

39 

3.345 

40 

1.000  .0064 
1.000  .0066 
1.000  .0071 
1.000  .0068 
1.000  .0067 
1.000  .0069 
1.000  .0069 
1.000|.0069 

3.554 

41 

.04511.0143 

.09711.0285 

3.745 

42 

2.684 

43 

.0868 
.0771 
.0668 
.0557 
.0443 
.0323 
.0814 
.0743 
.0669 
.0594 
.0514 
.0432 
.0351 

.0260 

2.800 

44 

.02311.0342 
.0203  .0321 
.0176  .0315 
.01441.0295 

2.932 

45 

3.062 

46 

3.205 

47 

3.350 

48 

.0109 
.0244 
.0223 
.0203 
.0181 
.0162 
.0142 
.0114 

.0279 
.0348 
.0338 
.0328 
.0316 
.0304 
.0294 
.0282 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

.0067 
.0068 
.0066 
.0068 
.0069 
.0066 
.0068 
.0066 

3 .  503 

49 

2.546 

50   

2.631 

51 

2.718 

52 

2.812 

53   

2.906 

54 

3.005 

55   

3.150 

bi-ickotles  were  molded,  weif^liiiiii  from  25  to  30  Jii-ams  in 
the  burnt  condition.  For  obtaining  the  electrical  resist- 
ance small  dishes  of  the  shai)e  shown  in  Fig.  1  were  jig- 
gerecl.  These  dishes  had  a  diameter  of  abont  3  3/LG  inch, 
and  a  depth  of  V/^  inch  in  the  burnt  state.  All  of  the  t(\st 
pieces  were  burnt  in  saggers  in  a  coal  fired  down-draft 
luln,  and  special  attention  was  i)aid  to  the  observation  of 
the  temperatures  by  distributing  cones  throughout  the 
kiln.  The  length  of  burning  varied  from  30  to  more  than 
48  hours. 

After  burning,  the  porosity  of  the  brickettes  was  <le- 
tennined  in  the  manner  repeatedly  described  in  tlie  Trans- 
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acti(»iis  of  tills  society.  In  addition,  the  speeillc  gravity  of 
the  pulverized  hrickettes  was  determined  by  means  of  the 
pyenoiiieter.  After  grinding  the  porcekiin  specimens  in 
the  jaw  crusher  and  in  iron  mortars,  pains  were  talven  to 
remove  the  metallic  particles  by  means  of  a  magnet.  The 
true  specitic  gravity  of  the  bodies  was  determined  primar- 
ily for  the  purpose  of  obtaining  the  volume  of  the  enclosed 
pore  space,  for  which  it  was  hoped  to  establish  some  rela- 
tion as  regards  temperature  and  content  of  feldspar. 

Tlie  specimens  for  the  electrical  tests  ^^ere  selected 
by  ins])ectloii  from  the  burns,  which  resulted  in  apparently 
vitritied  bodies.  The  puncture  tests  were  conducted  in  the 
Electrical  Laboratory  of  the  University  of  Illinois,  under 
the  direction  of  ^\v.  Thomas  H.  Amrine.  The  arrangement 
of  the  specimen  for  the  test  is  shown  in  Fig.  1.  The  read- 
ings of  the  voltmeter  below  10,000  volts  were  not  as 
accui-ate  as  was  desired,  and  it  would  have  been  better  if 
the  thickness  had  been  greater,  as  the  instrument  was  de- 
signed for  readings  above  10,000  volts. 

The  results  of  this  work  expressed  in  graphical  form, 
in  which  they  tell  their  own  story,  are  discussed  under 
the  following  headings: 

1.  Composition  areas  showing  the  mixtures  resulting 
in  vitrified  bodies  at  several  temperatures.  All  bodies 
absorliing  not  more  than  0.1%  of  water,  by  weight,  upon 
boiling  in  vacuo  are  considered  vitrified.  The  compositions 
are  plotted  by  means  of  triaxial  diagrams  and  are  ex- 
pressed in  simi»le  i)ercentages  of  clay,  feldspar  and  flint. 

2.  Composition  areas  plotted  in  a  rectangular  co- 
ordinate system,  the  abscissae  representing  molecular 
equivalents  of  the  KO  constituents  and  the  ordi nates  mole- 
cules of  silica. 

This  system  is  used  simply  as  a  means  of  classification 
for  the  purpose  of  outlining  the  general  effect  of  chemical 
composition.  The  writers  fully  recognize  the  fact  that  we 
are  here  not  dealing  with  homogeneous  igneous  compounds 
and  solutions,  owing  to  the  fact  that  the  materials  are  not 
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reduced  to  luaximiim  tiueness  and  tliat  the  viscosit}^  is  still 
so  great  that  no  appreciable  deformation  of  tlie  burnt 
specimens  is  observable  at  the  temperatures  employed. 
However,  the  fact  remains  that  tliese  mixtures  ai-e  blended 
sufficiently  intimate  and  soften  enough  to  bring  about 
molecular  interaction  which,  though  far  from  liaving 
reached  equilibrium  conditions,  still  justifies  the  use  of 
chemical  nomenclature.  It  might  be  suggested  that  the 
mineral  composition  be  used  as  the  basis  of  comparison, 
but  this  likewise  is  open  to  the  objection  that  we  must 
assume  the  presence  of  clay  and  feldspar  corresponding  to 
theoretical  formulre.  From  the  standpoint  of  fact  there 
sliould  be  no  objection  to  the  use  of  the  empirical  formula 
based  as  it  is  upon  knowledge  of  a  positive  kind,  the  re- 
sults of  the  cliemical  analysis.  The  boundary  curves  in  the 
nature  of  the  case  are  fixed  by  the  burning  conditions 
Avhicli  prevailed  in  carrying  out  these  tests.  Longer  burn- 
ing would  tend  to  lower  the  vitrification  temperature, 
shorter  burning  would  raise  it. 

3.  In  this  group  the  apparent  porosity  at  cone  9-10 
is  correlated  with  the  feldspar-fiint  content  for  50  and 
60%  of  clay. 

4.  The  diagrams  of  this  group  illustrate  the  decrease 
in  porosity  with  increasing  temperatures,  i.  e.,  they  ex- 
press the  progi'ess  of  vitrification.  These  data  are  pre- 
sented for  varying  feldspar-flint  contents  for  both  50  and 
00%  of  clay. 

5.  In  these  diagrams  the  decrease  in  true  specific 
gravity  with  increasing  temperatures  is  shown  for  various 
proportions  of  feldspar  and  flint.  The  data  of  two  series 
with  50  and  CtO%  of  clay  are  presented.  In  previous  work 
the  fact  that  the  true  specific  gravity  of  silicates  decreases 
as  fusion  progresses  has  been  sufficiently  brought  out  and 
is  here  again  illustrated.  It  might  be  said  in  this  respect 
that  the  determination  of  the  true  specific  gravity  was 
decided  upon  principally  for  the  purpose  of  calculating 
the  volume  of  the  enclosed  pore  space,  the  "bleb"  structure 
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of  Purdy,  but  on  plotting  the  curves  it  was  found  that 
these  relations  were  exceedingly  irregular.  It  was  shown 
roughly  that  the  enclosed  pore  space  increased  with  the 
feldspar  content  but  it  also  appeared  that  the  initial  struc- 
ture of  the  body,  the  varying  degree  of  density  attained  in 
molding,  the  amount  of  water  employed,  etc.,  is  an  im- 
portant factor  in  this  respect,  which  precluded  the  possi- 
bility of  showing  any  simple  correlation. 

6.  In  this  group  the  composition  of  the  bodies  is 
again  presented  by  means  of  triaxial  diagrams,  and  the  di- 
electric strength  shown  by  the  jiggered  vitrified  test  pieces 
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is  indicated  by  areas  representing  voltages  per  mm.  of  less 
than  10,000  volts,  of  10000-14000  volts  and  of  from  14000- 
18000  volts.  Table  II  shows  the  voltages  for  the  various 
mixtures  at  several  burning  temperatures. 


638  VITRIFICATION  RANGE   AND   DI-P:LECTRIC  BEHAVIOR. 

TABLE    II. 


Total  Punc. 

Thickness 

Punc.  Vs  in. 

Punc. 

No. 

Cone 

Voltage 

mm. 

Volts 

Volts  per  mm. 

1 

A  1 

12-f 

45,820 

1 

3.15 

46,188 

14,546 

13 

26,680 

-  3.13 

27,080 

8,581 

2 

61/2 

37,480 

2.52 

47,225 

14,873 

9 

34,400 

2.70 

40,454 

12,741 

124- 

35,100 

2.83 

39,382 

12,403 

3 

9 

32,600 

2.62 

39,316 

12,400 

12+ 

37,000 

2.70 

43,512 

13,700 

13 

27,000 

2.64 

32,454 

10,227 

4 

9 

38,600 

2.95 

41,534 

13,085 

12  + 

53,970 

2.97 

57,640 

18,172 

13 

30,640 

2.66 

36,584 

11,520 

5 

10 

40,700 

3.08 

41,962 

13,214 

13 

37,800 

2.48 

48,422 

15,322 

12+ 

55,040 

3.13 

55,866 

17,585 

13 

34,780 

2.74 

40,310 

12,700 

6 

12+ 

36,240 

2.79 

41,314 

12,989 

13 

41,100 

2.96 

44,059 

13,885 

7 

12+ 
13 

47,960 

2.94 

51,749 

16,313 

8 

12 

33,500 

3!o6 

34,773 

10,944 

12  + 

33,500 

3.13 

34,003 

10,703 

13 

28,500 

3.08 

29,384 

9,285 

9 

12  V^ 
13 

35,860 

3.03 

37,545 

11,835 

10 

13 

11 

121/2 

;;■.;;; 

13 

38,600 

3!oi 

40,685 

12,824 

12 

6y2 

49,620 

2.72 

57,956 

18,242 

10 

45,610 

2.92 

49,578 

15,620 

12+ 

31,490 

3.00 

33,317 

10,496 

13 

12  + 

38,980 

3.06 

40,461 

12,738 

13 

43,400 

3.02 

45,570 

14,371 

14 

12+ 

39,170 

3 .  03 

41,011 

12,927 

15 

12  + 

40,120 

2.94 

43,290 

13,646 

13 

39,360 

2.98 

41,918 

13,208 

16 

1   12  + 

43,580 

3.07 

45,236 

14,195 

13 

38,120 

3.24 

37,358 

11,765 

17 

12 

32,600 

2.70 

38,338 

12,074 

12+ 

38,280 

2.95 

41,189 

12,976 

121/0 

47,780 

2.79 

54,469 

17,125 

13 

27,750 

2.93 

30,053 

9,471 

18 

12 

23,700 

3.06 

24,601 

7,745 

12% 

23,700 

3.10 

24,269 

7,645 

13 

19 

12 
13 

20 

12 
121/2 

.... 
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TABLE  II— Continued 

Total  Punc 

Tijickness 

Punc.  /I  in 

Pane. 

No. 

Cone 

Volt»ee 

mm. 

Volu 

Volts  per  mm. 

A  21 

12  + 

43,660 

2.82 

49,161 

15,482 

121/2 

38,980 

2.80 

44,142 

13,914 

13 

40,500 

2.70 

47.628 

15,000 

22 

6 

40,500 

2.91 

44,185 

13,917 

12+ 

41,100 

2.76 

47.306 

14,891 

13 

32,750 

2.74 

37,976 

11,952 

23 

12+ 

41,100 

2.76 

47,306 

14,891 

13 

37,000 

2.85 

41,218 

12,982 

24 

12  + 

44,300 

2.89 

48,641 

15,328 

13 

40,100 

2.93 

43,328 

13,686 

25 

12+ 

35,660 

2.91 

38,905 

12,254 

13 

44,490 

2.70 

52,320 

16,477 

*'   '^1 

13 



27 

13 

28 

13 



29 

12+ 

37.SU0 

2 '.66 

4.5.'l33 

i4,'2io 

121/2 

41,700 

2.60 

50,916 

16,038 

13 

33,500 

2.62 

40,568 

12,786 

30 

12+ 

85,100 

2.92 

38,154 

12,020 

121/2 

44,680 

2.77 

51,248 

16,130 

13 

43,940 

2.87 

48,598 

15,310 

31 

13 

42,860 

2.91 

46,760 

14,732 

32 

121/p 

38,280 

2.94 

41,304 

13,020 

13 

38.280 

2.80 

43,448 

13,671 

33 

12  y2 

31,320 

2.88 

34,515 

10,867 

13 

26,840 

2.76 

30,893 

9,724 

34 

12i/> 
13 

...... 

...... 

35 

13 





36 

11 

39,360 

2 '.84 

44,004 

13,859 

121/2 

41,700 

2.83 

46,787 

14,731 

37 

6 

26,040 

2.57 

32,160 

10,132 

11 

43,580 

2.82 

49.071 

15,453 

13 

33,050 

2.78 

37,810 

11,888 

38 

11 

26,840 

2.96 

28,772 

9,067 

12 

23,700 

2.81 

26,781 

8,434 

13 

39,360 

2.97 

42,036 

13,253 

39 

12 

23,700 

2.54 

29,625 

9,330 

12% 

23,700 

2.87 

26,212 

8,257 

13 

33,050 

2.73 

38,470 

12,106 

34,140 

2.81 

38,578 

12,146 

40 

12 

121^ 
13 

:::::: 

41 

12 

12  Vz 
13 

25,060 

siis 

2i,'35i 

6,718 



42 

11 

29,660 

3.17 

29,719 

9,356 

121/2 

34,140 

3.21 

33,764 

10,636 

13 

39,740 

3.07 

41,131 

12,945 

640 
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TABLE  II— Continued 

Totjl  Punc. 

Thicknesi 

Punc.  Yb  in. 

Punc. 

No. 

Cone 

Voltage 

mm. 

Volts 

Volts  per  mm. 

A  43 

11 

32,600 

3.27 

30,655 

9,970 

12 

45,060 

3.08 

46,467 

14,630 

13 

29,940 

3.18 

29,937 

9,415 

44 

12 

30,980 

3.26 

30,175 

9,503 

121/2 

38,280 

3.36 

36,175 

11,393 

13 

23,700 

3.23 

23,297 

7,338 

45 

6 

30,300 

3.30 

29,149 

9,182 

12 

121/2 

13 

25,400 

3.32 

24,282 

7,651 

22,680 

3.37 

21,565 

'  6,730 

46 

121/2 

25,400 

3.47 

23,241 

7,323 

47 

121/2 

13 
13 

23,700 

3.4G 

21,757 

6,850 

48 

49 

13 

37,960 

3.10 

38,871 

12,245 

50 

13 

36,240 

3.31 

34,754 

10,948 

51 

13 

39,740 

3.06 

41,250 

12,987 

52 

IS 

29,220 

3.15 

29,453 

9,276 

53 

13 

26,200 

3.24 

25,676 

8,086 

54 

13 

26,040 

3.36 

24,607 

7,750 

55 

13 

23,700 

3.42 

21,993 

6,930 

B  1 

10l^ 

34,620 

2.77 

39,659 

12,498 

11 

33,500 

3.08 

34,539 

10,876 

12 

36,430 

2.83 

40,874 

12,873 

121/2 

32,300 

2.60 

39,438 

12,423 

2 

6y2 

48,300 

3.30 

46,469 

14,636 

10 

45,250 

3.26 

44,074 

13,880 

101/2 

46,010 

3.21 

45,504 

14,333 

3 

6 1/2 

42,300 

3.20 

41,962 

13,220 

10 

43,760 

3.33 

41,894 

13,141 

10% 

51,700 

3.24 

50,666 

15,957 

4 

6 1/2 

48,520 

3.27 

45,113 

14,838 

8 1/2 

48,960 

3.31 

46,953 

14,770 

101/2 

50,280 

3.55 

44,950 

14,163 

5 

81^ 

49,400 

3.25 

48,264 

15,200 

11 

48,960 

3.28 

47,393 

14,927 

1214 

42,300 

3.32 

40,439 

12,741 

6 

81/2 

43,400 

3.30 

41,751 

13,152 

11 

43,220 

3.19 

43,080 

13,548 

121,4 

47,460 

3.40 

44,328 

13,960 

7 

8 1/2 

38,980 

3.12 

39,682 

12,494 

11 

41,900 

3.02 

43,995 

13,874 

12% 

39,170 

3.09 

40,228 

12,676 

8 

10 

35,670 

3.23 

35,064 

11,043 

12+ 

28,860 

3.30 

27,763 

8,745 

12% 

48,740 

3.12 

49,617 

15,622 

9 

12 

36,430 

3.12 

37,086 

11,676 

12+ 

48,300 

3.20 

47,914 

15,094 

10 

12 

33,200 

3.54 
1 

29,780 

9,380 
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No. 

Cone 

Total  Punc. 

Tuickness 

Punc.  yi   in. 

Punc. 

Voltage 

mm. 

Volts 

Volts  PC  mm. 

B  11 

12 

24,720 

3.60 

21,793 

6,866 

12 

61/2 

40,.50u 

3.21 

40.055 

12,617 

8Vo 

40,700 

3.23 

40,008 

12,600 

1214 

30,470 

3.34 

28,977 

9,123 

13 

6% 

44,300 

3.21 

43,713 

13,800 

SVs 

39,930 

2.95 

41,965 

13,535 

12+ 

2.5,720 

3.46 

23,611 

7,404 

14 

61/2 

38,600 

3.31 

37,017 

11,360 

9 

29,580 

3.17 

29,639 

9,331   . 

10 

31,830 

3.26 

31,002 

9,764 

12+ 

32,750 

3.36 

30,949 

9,747 

15 

61/2 

41,700 

3.33 

39,740 

12,523 

10 

45,530 

3.26 

44,346 

13,963 

12 

38,280 

3.54 

34,337 

10,814 

16 

6 1/2 

47,460 

3.26 

46,226 

14,558 

8v, 

58,830 

3.22 

58,006 

18,276 

12 

54,180 

3.32 

51,796 

16,320 

17 

8 14 

40,310 

3.46 

37,005 

11,650 

10 

33,660 

3.25 

32,886 

10,357 

12 

49.350 

3.09 

50,682 

15,971 

12  + 

49.180 

3.12 

50,065 

15,763 

18 

12 

53,920 

3.18 

53,870 

16,956 

1214 

53,340 

3.02 

56,007 

17,662 

19 

12 

36,050 

3.09 

37.023 

11,666 

121/4 

33,980 

3.05 

35,373 

11,141 

20 

12 

39,360 

3.47 

36,015 

11,343 

121/4 

29,760 

3.24 

29,155 

9,186 

121/2 

41,300 

3.35 

39,152 

12,330 

21 

6 1/2 

45.630 

3.19 

45,448 

14,304 

9 

44,490 

3.17 

44,579 

14,035 

12  + 

34,140 

3.26 

33,252 

10,472 

22 

6 1/2 

47,620 

3.11 

48,621 

15,312 

9 

44,870 

3.02 

47,114 

14,858 

12  + 

42,860 

3.08 

44,189 

13,915 

23 

8 1/0 

38,600 

3.06 

40,067 

12,614 

12  + 

44,680 

3.15 

45,037 

14,184 

121/2 

36,620 

2.59 

44,860 

14,140 

13 

42,100 

2.98 

44,839 

14,127 

24 

8 1/2 

51,100 

3.06 

53,042   1 

16,700 

12  + 

40,900 

3.04 

42,700 

14,046 

13 

55,040 

3.22    i 

54.269 

17,100 

25 

8 1/2 

39,450 

3.06 

40,949 

12,892 

12  + 

45.440 

3.17    1 

45,531 

14,334 

121/2 

27,900 

2.76 

32,113 

10,110 

13 

43,940 

3.04    1 

45,873 

14,454 

26 

81^2 

50.280 

3 .  02    1 

52.994   i 

16,649 

12  + 

46.200   1 

3.13    ! 

46.893   1 

14,760 

13 

40,100 

i 

2.95    1 

43,148   1 

13.614 

642 
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Cone 

Total  Punc. 

Thickness 

Punc.  Yb  in. 

Punc. 

No. 

Voltaee 

mm. 

Volts 

Volts  per  mm. 

B  27 

12 

27,900 

3.17 

1 

27,956 

8,801 

12+ 

46,830 

3.07 

48,422 

14,928 

121/0 

55,480 

3.13 

56,312 

17,725 

13 

45,250 

3.04 

47,241 

14,885 

28 

12+ 

33,810 

3.27 

32,830 

10,340 

i2y2 

34,140 

3.16 

34,311 

10,804 

13 

33,050 

3.22 

32,627 

10,264 

29 

6y2 

47,040 

2.96 

50,427 

15,892 

9 

43,310 

3.12 

44,090 

13,881 

12+ 

32,000 

3.40 

29,888 

9,412 

30 

61/2 

44,680 

3.07 

46,199 

14,554 

9 

42,500 

3.06 

44,115 

13,888 

12+ 

41,900 

3.35 

39,721 

12,508 

31 

6% 

40,120 

3.16 

40,320 

12,728 

9 

36,620 

3.14 

37,060 

11,662 

12+ 

28,500 

3.09 

29,270 

9,223 

13 

36,620 

3.12 

37,279 

11,737 

32 

7% 

49,620 

3.07 

51,307 

16,163 

9 

38,440 

2.80 

43,630 

13,730 

1214 

51,500 

3.25 

50,316 

15,850 

13 

35,100 

2.85 

39,101 

12,315 

33 

7% 

44,120 

3.10 

45,179 

14,232 

12 

42,860 

2.93 

46,417 

14,631 

121,4 

43,940 

3.17 

44,028 

13,861 

34 

12 

44,680 

2.96 

47,897 

15,894 

12  + 

48,740 

3.15 

49,130 

15,473 

35 

12 

35,480 

3.22 

34,981 

11,020 

12+ 

45,440 

3.06 

47,167 

14,850 

36 

6 1/2 

30,120 

3.02 

31,626 

9,973 

7% 

43,220 

3.03 

45,251 

14,264 

12^4 

33,200 

2.96 

35,590 

11,216 

37 

6 

42,860 

3.02 

45,003 

14,192 

7% 

35,100 

3.13 

35,627 

n,215 

12+ 

37,480 

3.24 

36,730 

11,537 

38 

6 

32,150 

2.95 

34,593 

10,900 

6 1/2 

30,980 

2.98 

32,995 

10,396 

9 

50,280 

2.90 

•  55.057 

17,340 

12 

36,620 

3.23 

35,997 

11,338 

12  + 

43.580 

2.97 

46,543 

14,673 

39 

9 

41,800 

2.97 

44,642 

14,110 

12 

45,250 

3.13 

45,929 

14,457 

40 

12 

40,700 

3.05 

42,369 

13,344 

41 

12 

38,980 

3.03 

40,612 

12,864 

42 

6 

36,810 

2.91 

40,160 

12,650 

8 1/2 

34,940 

3.05 

36,373 

11,455 

12 

36,430 

2.90 

39,891 

12,560 

43 

12 

43,400 

3.12 

44,181 

13,910 

12  + 

40,500 

3.21 

40,055 

12,617 

I2V2 

53,340 

3.04 

55,687 

17,546 
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TABLE  II— Continued. 


No. 

Cone 

Total  Pane. 
Voltate 

Thickatss 
mm. 

Punc.  %  in. 
Volts 

Punc. 
Voits  per  mm. 

1 

B  44 

124- 

45,060 

2.98 

47,989 

15,121 

12% 

47,040 

2.93 

50,944 

16,054 

45 

12 

43,220 

3.00 

45,727 

14,406 

12-f 

44,490 

2.87 

49,206 

15,502 

46 

12 

44,870 

3.08 

46,261 

14,570 

12+ 

51,900 

3.06 

53,872 

16,961 

12  y* 

48,040   1 

3.06 

49,865 

15,686 

47 

12 

34.140 

2.17 

49,947 

15.733 

12% 

37,960 

2.04 

58,956 

18,608 

48 

12 

36,240 

3.07 

37,472 

11,805 

12  y^ 

34,460 

2.89 

37,837 

11,924 

49 

6 

40,500 

3.01 

42.687 

13,455 

8% 

38,280 

2.95 

41,189 

12,976 

12 

38,280 

2.91 

41,763 

13,155 

50 

SVa 

43,400 

2.85 

48,348 

15,228 

12 

43,400 

2.97 

46,351 

14,613 

51 

12 

46,200 

2.76 

53.176 

16,740 

12  y4 

56,800 

2.68 

67,308 

21,194 

52 

12 

38,280 

3.06 

39,735 

12,510 

13 

45,820 

3.15 

46.186 

14,546 

53 

12 

44,680 

2.85 

49,774 

15,681 

1214 

37,160 

2.91 

40,542 

12,770 

13 

52,.'500 

3.06 

54,495 

17,157 

54 

12 

38,980   I 

2.66 

46,542 

14,654 

12% 

39,740   ' 

2.70 

46,734 

14,720 

13 

40,120 

2.68 

47,542 

14,970 

55 

12  y* 

44.680 

2.83 

50,132 

15,788 

13 

4.O.440 

2.78 

51,983 

16.345 

C  1 

12 

22,000 

3.13 

22,330 

7,028 

2 

11 

45,440 

3.35 

43,077 

13,564 

12 

45,440 

3.20 

45.076 

14,200 

3 

7% 

30,980 

3.27 

30,082 

9,474 

11 

44,120 

3.28 

42,808 

13,451 

i2y4 

46,200 

3.12 

47,031 

14,808 

4 

11 

36,050 

2.88 

39,727 

12,518 

12 

44,300 

2.18 

50,059 

15,765 

5 

11 

37,960 

3.34 

36,100 

11,365 

12 

41,100 

3.22 

40,425 

12,764 

12+ 

48,300 

3.00 

51,101 

16,100 

6 

11 

54,600 

3.22 

53,836 

16,956 

12  y* 

53,760 

3.16 

54,029 

17,013 

12% 

44,680 

3.26 

43,517 

13,706 

7 

1] 

45,820 

3.16 

47,038 

14,500 

12 

60,060 

3.77 

50,571 

15,931 

8 

12 

27,300 

3.25 

26,672 

8,400 

9 

12 
12% 



! 

.... 

10 

12 



11 

12 

35,480 

1 

3.54 

31.826 

10,023 

614 
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Total  Punc. 
Voltajc 


Thickaess 
mm. 


Pane.  %  in. 
Volts 


Punc. 
Volts  per  mm. 


C  12 

7% 

25,580 

2.54 

1 
31,975 

10,071 

11 

43,940 

2.50 

55,804 

17,576 

No  Cone 

46,200 

2.65 

55,343 

17,434 

13 

11 

42,300 

2.44 

55,575 

17,374 

121/2 

33,820 

2.32 

45,166 

14,577 

No  Cone 

marked 

42,100 

2.60 

51,404 

16,192 

14 

11 

41,100 

2.76 

47,306 

14,891 

IS 

47,040 

2.52 

59,270 

18,666 

No  Cone 

44,300 

2.49 

56,533 

17,791 

15 

11 

31,320 

2.73 

36,457 

11,469 

i2y2 

46,410 

2.71 

54,393 

17,125 

16 

7% 

29,940 

2.58 

36,826 

11,605 

11 

37,160 

2.54 

46.450 

14,630 

12  Va 

55,920 

2.51 

70,739 

22,278 

17 

12  V, 

31,660 

2.55 

39,317 

12,415 

18 

12 

12  Va 

19 

12  Va 
13 

20 

12% 

21 

12i/o 

32,600 

2.47 

41.923 

13,198 

22 

13 

30,300 

2.63 

36,522 

11,521 

23 

12% 

33.200 

2.31 

45.617 

14,372 

13 

22,680 

2.61 

27,579 

S,690 

24 

12% 

34,140 

2.71 

40.012 

12,598 

25 

121/2 

28,050 

2.63 

33,829 

10,666 

26 

12 
13 

27 

12 

12+ 

13 

28 

12  + 
No  Cone 

.... 



29 

12i/o 

29,940 

2.68 

35,479 

ii,172 

30 

12 

32,300 

2.24 

45,769 

14,420 

12% 

28,050 

2.29 

38,877 

12,250 

13 

35,100 

2.36 

47,245 

14,877 

31 

12 



12% 

32,600 

2.55 

40,587 

12,784 

13 

32,000 

2.31 

43,968 

13,853 

32 

12 

25,720 

2.42 

33,770 

10,628 

13 

23.700 

2.15 

34,881 

11,023 

33 

12 

.... 



34 

12 

35 

12 

13 





36 

12 

24,720 

2.39 

33.828 

10,343 

37 

1 

12 

24,210 

2.73 

28.180 

8,872 
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Total  Punc. 

Punc. 

Cone 

Voltage 

mm 

VoltJ 

Volts  per  mm. 

C   38 

13 

30,640 

2.3J 

1 
5         i       41,395 

13,038 

39 

13 

27,300 

2.29         1       37,838 

1       11,921 

40 

12 

.    .    . 

1        

' 

41 

12 

1        

1 

42 

12 

28,050 

2.36         •■       37,755 

1       11,886 

13 

27,300 

2.3J 

L         ;       37,500 

1       11,818 

43 

12 

22,680 

2.4] 

L         1       29,892 

,         9,410 

44 

12 

... 

1 

1        

45 

12 
13 

i      ...... 

!       

46 

12 

' 

47 

12 





48 

12 

1       

49 

12 

22,000 

2.2J 

L                31,592 

!         9,955 

50 

'       12 

1 

51 

1       12 

1 

52 

i       12 

53 

12 

54 

12 

55 

12 

1       

D  1 

6 

121/2 

13 

I   ;.'.■.■.■; 

2 

6 

29,040 

2.1' 

r                42,385 

:       13.382 

SVz 

28.200 

2.1 

J         !       41,257 

13,000 

12+ 

32,600 

2.1.' 

?         1       48,574 

15,305 

3 

6 

31,070 

2.3i 

i         1       41,416 

13,055 

SV2 

31,660 

2.3? 

?         j       42,203 

13,302 

12  + 

28,860 

2.7: 

J         1       33,593 

10,571 

4 

6 

29,940 

2.4 

7                38,500 

12,121 

8% 

31,830 

2.4J 

i                40,774 

12,835 

12 

39,740 

2.3( 

5         1       53,490 

16,839 

12+ 

28,200 

2.55 

I         1       35,532 

1       11,190 

5 

8^ 

33,3.50 

2.3[ 

i         i       45,423 

1       14,313 

1 

12 

30,300 

2. If 

5                44,722 

1       14,093 

6 

SV2 

33,200 

2.1 

?                48,372 

1       15,230 

12 

34,780 

2.1. 

5                51,335 

!       16,177 

13 

29,400 

2.3 

5                39,620 

!       12,510 

7 

8y. 

28,680 

2.2 

^         1       39,923 

1       12,580 

12 

37,160 

2.4< 

2         J       48,791 

1       15,351 

13 

35,670 

2.2 

5         !       50,295 

15,851 

8 

7% 

30,810 

2.1 

2         !       46,153 

14.533 

12 

30,810 

2.3 

2         1       42,148 

1       13,280 

121/2 

31,510 

2.2 

2         1       45.059 

;       14,194 

13 

33,500 

2.7 

9         !       38,190 

1       12,007 

9 

SVz 

31,660 

'         2  2 

5         !        ^0,071 

1       13,886 

12 

36,240 

'         2.1 

i         1       53,780 

16,934 

to 

12+ 

29,220 

2.4 

L         1       38,512 

12,124 

12  Vo 

26,680 

2.3( 

)         1       36,818 

I       11,600 

13 

27,300 

2.2( 

5         '       38,329 

'       12,080 
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No. 

Cone 

Total  Punc. 

Thickness 

Pin:.  %   in. 

Punc. 

Voltage 

mm. 

Volts 

Volts  per  mm. 

D  11 

13 

! 


1 

12 

6Vo 

34,460 

2.18 

5{),'268 

1.5,807 

8V2 

28,860 

2.14 

42,828 

13,486 

12 

36,620 

2.22 

52,367 

16,495 

13 

8^ 

39,740 

2.38 

52,973 

16,699 

1 

1 

9 

27,300 

2.22 

38,039 

12,297 

12 

30,300 

2.13 

45,147 

14,225 

14 

121/2 

27,000 

2.09 

41,013 

12,918 

6 

29,940 

2.21 

42,994 

13,547 

7% 

35,860 

2.09 

54,471 

17,158 

81/2 

37,320 

2.10 

56,428 

17,771 

15 

6 

25,560 

2.22 

36,551 

11,513 

• 

7% 

30,470 

2.04 

47,411 

14,936 

12 

28,500 

2.72 

31,770 

10.477 

16 

734 

32,900 

2.17 

48,133 

15.161 

sk 

25,720 

2.12 

38,529 

12,132 

12 

36,810 

2.56 

45,644 

14.378 

13 

31,320 

2.31 

43,034 

13,558 

17 

7% 

30,640 

2.19 

44,428 

14,000 

12 

30,300 

2.19 

33,935 

13,825 

12+ 

32,750 

2.18 

47,717 

15,023 

13 

37,320 

2.30 

51,502 

16,226 

18 

SVz 

29,940 

2.06 

46.138 

14.534 

12+ 

33,050 

2.18 

48,154 

15.160 

13 

33,500 

2.16 

49,245 

15.510 

19 

12+ 

31,050 

2.27 

43,208 

13.679 

121/2 

34,140 

2.04 

53,122 

16,735 

13 

32,900 

2.28 

45,797 

14,430 

20 

121/2 

.... 



13 

37,320 

2.76 

42,955 

13,522 

21 

61/2 

32,000 

2.62 

38,752 

12,214 

8 1/2 

39,450 

2.60 

48,168 

15,173 

12+ 

42,100 

2.56 

52,204 

16,445 

22 

61/2 

26,360 

2.19 

38,222 

12,037 

7% 

31,660 

2.19 

45,907 

14,457 

12  f 

33,500 

2.37 

44,890 

14,135 

23 

6 

.... 

7% 
9 

12-F 

29,580 

2.32 

i   40,465 

12,750 

26,680 

2.08 

1   40,714 

1   12,827 

13 

31,660 

2.27 

1   44,261 

1   13,950 

24 

81/2 

29,940 

2.23 

I   42,635 

1   13,426 

12 

38,980 

2.29 

!   41,358 

1   13,037 

12^ 

30,300 

1    2.36 

!   40,784 

I   12,398 

25 

12  + 

37,960 

1    2.09 

1   57,661 

I   18,162 

121/2 

36,810 

1    2.06 

1   56,724 

1   17,869 

13 

36,620 

2.27 

!   51,195 

16,132 

26 

12+ 

43,220 

2.70 

'       50.827 

1   16,008 

j   13 

I 

42,860 

2 .  75 

49,460 

1   15,585 
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TABLE  II— Continued. 


No. 

Cone 

Total  PuQC. 

Thicknejs 

Punc.  %  in. 

Pdnr. 

Voltage 

mm. 

Volts 

Vol  s  per  mm. 

D  27 

12 

27,900 

2.68 

33,002 

10,411 

12  + 

39,740 

2.60 

48,523 

15,245 

13 

38,980 

2.58 

47,945 

15,110 

28 

I   13 

29,220 

2.69 

34,480 

10,862 

29 

1    6 
9 

12 

36,240 

2.52 

45,662 

14,381 

12+ 

35,100 

2.62 

42,516 

13,397 

30 

6 

61/2 

12 

36,620 

2.48 

46,910 

14,766 

12  + 

37,960 

2.71 

44,472 

14,007 

13 

46,010 

2.62 

55,218 

17,561 

31 

6y2 

12 

36,620 

3.13 

37,169 

11,700 

13 

35,480 

2.84 

39,667 

12,493 

32 

6 

43,940 

2.55 

54,705 

17,231 

11 

46,200 

2.49 

58,951 

18,554 

12 

35,100 

2.49 

44,788 

14,092 

12+ 

42,300 

2.73 

49,237 

15,494 

12^ 

49,180 

2.58 

60.491 

19,062 

13 

39,360 

2.71 

46,130 

14,524 

33 

11 

27,600 

2.78 

31,574 

9,928 

12 

32,600 

2.63 

39,316 

12,375 

12% 

45,060 

2.61 

54,793 

17,263 

34 

lOVa 

29,040 

2.60 

35,458 

11,170 

121/2 

36,620 

2.56 

45,409 

14,305 

13 

37,960 

2.67 

45,135 

14,217 

35 

101/2 

12+ 



.'.'.'.".'.' 

12  Vz 

25,720   1 

2.87 

28,446 

8,961 

36 

eva 



11 

36,240 

2.24 

51,352 

16,180 

12% 

32,450 

2.67 

38,583 

12,154 

13 

39,740 

2.66 

47,450 

14,940 

37 

61/2 

' 



101/2 

26,680 

2.75 

30,789 

9,702 

12  + 

28,500 

2.62 

34,514 

10,878 

13 

24,380 

2.68 

28,890 

9,097 

38 

63/i 





10  y2 

30,030   1 

2.72 

35,075 

11,140 

13 

31,660 

2.79 

36,092 

11,348 

39 

10  Vo 

25,920 

2.70 

30,247 

9,526 

12+ 

32,900 

2.63 

39,677 

12,510 

121^ 

32,600   1 

2.60 

39,805 

12,540 

13 

33,820   1 

2.83 

37,941 

11,950 

40   1 

10 1/2 

1 

....    1 



121/i 

32,600 

2.83 

37,846   ! 

11,520 

1 
I 

13 

26,360 

1 

2.65 

1 

31,569   1 
1 

9,947 

648 
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N.. 

Cone 

To'al  Punc. 
Voltaee 

Thickness 
mm. 

Punc.  Vs  in. 
Volts 

Punc. 
Volts  per  mm. 

D    41 

1           101/2 



121/2 

27,600 

2.86 

30,636 

9,650 

1       13 

27,000 

2.63 

32,562 

10,266 

42 

6 1/2 

i       11 

23,700 

2.74 

27,468 

8,650 

13 

43 

11 

23,700 

2.68 

28,085 

8,840 

12% 

29,400 

2.56 

36,456 

11,484 

13 

30,640 

2.66 

36,584 

11,519 

44 

11 

25,230 

2.96 

27,047 

8,524 

121/0 

30,120 

2.70 

35,421 

11,192 

13 

27,150 

2.64 

32,634 

10,284 

45 

1       101/2 
11 



'.'.'..'.'. 

12+ 

32,000 

2.51 

40,480 

12,749 

45 

121/0 

34,780 

2.55 

43,301 

13,640 

13 

32,900 

2.54 

41,125 

12,953 

46 

i       11 

i       13 

32,600 

2.52 

41,076 

12,932 

47 

!      121/2 

23,700 

2.64 

28,487 

8,977 

i       13 

24,200 

2.54 

30,250 

9,527 

48 

1       121/0 

i     13 

49 

1         6% 
1       10 1/2 



1       13 

27,900 

2.76 

32,113 

10,109 

50 

1       10  ¥2 

1       121/2 

23,700 

2.69 

27,966 

8,810 

1       13 

22,000 

2.48 

28,182 

8,871 

51 

1       10% 

1       11 



i       13 

28.200 

2.58 

34,686 

10,930 

52 

!      121/2 

24,760 

2.67 

29,440 

9,273 

13 

28,350 

2.50 

36,005 

11,340 

53 

121/2 

25,060 

2.69 

29,571 

9,316 

54 

1       121/2 





13 

25,400 

2.84 

28,397 

8,944 

55 

121/2 

i       13 

1 

27.750 

2.63 

33,467 

10,552 

Vitrification  Range. 

A.  (icorf/ia  Kaolin.  In  Fiji.  -  we  find  plotted  three 
temperatnre  areas,  cone  7-9,  cone  0-10,  and  cones  10-13. 
Brief  inspection  shows  tliat  this  kaolin  has  a  comiiara- 
tivelv  large  ranoe  of  compositions  vitrifyini>  l)elr;w  cone  10. 
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This  is  aj^aiii  iJlustrated  b}'  the  fact  that  within  this  tem- 
pera tiire  i-aiige  a  feldspar  content  as  low  as  18  per  cent, 
with  51%  of  clay,  is  shown.  With  a  temperature  corres- 
ponding to  cone  13  and  the  same  clay  content,  the  feldspar 
may  be  cut  down  to  14%.  The  dividing  line  between  the 
cone  9-10  and  the  10-13  areas  sliows  a  decrease  in  feldspar 
and  a  corresponding  increase  in  flint  from  the  25%  to  the 
20%  feldspar  line. 

B.  Tennessee  Ball  CJay,  Fig.  3.  The  less  refractory 
character  of  this  clay  is  indicated  by  the  large  range  cov- 
ered by  the  temperature  area  below  cone  10.  Near  the 
50%  clay  line  the  feldspar  drops  as  low  as  13%,  and  at  the 
C0%  clay  line  a  feldspar  minimum  of  5%  is  shown  at  a 
temi^erature  not  exceeding  cone  10.  It  is  evident,  there- 
fore, that  in  a  body  the  feldspar  content  may  be  the  lower 
the  greater  the  content  of  ball  clay. 

C.  The  North  Carolina  Kaolin  offers  quite  a  contrast 
to  the  last  material,  inasmuch  as  its  vitrification  area  is 
quite  small  at  temperatures  up  to  cone  10,  Fig.  4.  The 
range  is  decidedly  increased  at  the  higher  temperatures, 
and  at  cone  13V2  it  is  possible  to  cut  down  the  feldspar 
percentage  to  below  15%,  while  at  cone  10  the  minimum 
feldspar  content  is  23%. 

D.  The  EncjUsh  Clihia  Clay,  Fig.  5,  differs  from  the 
preceding  clays  in  that  its  vitrification  boundaries  slope 
far  more  gradually  in  spite  of  the  fact  that  its  alkali  con- 
tent is  not  greater  than  that  of  the  North  Carolina  kaolin. 
With  decreasing  clay  and  increasing  flint  content  the  spar 
gradually  diminishes  until,  with  50%  clay,  the  feldspar  is 
reduced  to  15%  at  cone  9-10  to  5%  at  cone  10-11.  Jt  is 
evident,  therefore,  that  this  material  differs  considerably 
from  similar  American  clays  in  this  respect,  due  to  its 
structure  or  fineness  of  grain.,  Its  vitrification  area  is 
quite  large. 
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Chemical  Vitrification  Range. 

A.  Georgia  Kaolin.  From  this  diagraui,  Fig.  6,  we 
learn  that  the  minimum  and  maximum  limits  of  SiOg  for 
cone  0-10  are  5.00  and  3.1  molecular  equivalents.     The 
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minimum  RO  for  the  same  temperature  is  0.18.  At  cone 
13  the  maximum  SiO.  is  5.42  equivalents,  the  minimum 
2.7,  while  the  minimum  RO  is  practically  0.12  equivalents. 
B.  The  Tennessee  Ball  Clay  areas,  Fig.  7,  appear  to 
be  decidedly  irregular  in  character.  It  is  noted  that  at 
cone  9-10  the  maximum  SiO.  is  decidedly  higher  and  the 
minimum  quite  lower  than  for  the  preceding  clay,  the 
limits  being  5.7  and  2.6  respectively.  It  is  a  curious  fact 
that  the  minimum  RO  is  much  less  than  in  the  Georgia 
kaolin,  it  being  0.14  at  cone  10  and  0.09  at  cone  13.  It 
would  seem  then  that  the  ferric-oxide  which  is  not  in- 
cluded in  the  RO  is  a  decided  factor  in  bringing  about 
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vitrification  iu  this  clay.  Wliile  tlie  total  F00O3  in  the 
ball  clay  is  not  much  greater  in  amount  than  in  the  Cieor- 
gia  kaolin,  it  is  fair  to  assume  from  the  physical  appear^ 
ance  of  the  former  that  the  iron  oxide  is  disseminated 
more  uniformly  and  is  more  thoroughly  incorporated  in 
the  clay  substance.  As  to  the  peculiar  shape  of  the  vitri- 
fication areas  it  is  evident  that  the}'  permit  of  no  general- 
ization, and  must  be  ascribed  to  differences  in  the  heat 
treatment    which    are    practically    inevitable    under    the 
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usual   conditions  of  test  kiln  practice,   even   though  all 
possible  precautions  are  taken. 

C.  More  symmetrical  conditions  prevail  with  the 
North  Carolina  Kaolin,  series,  Fig.  8.  At  cone  9-10  the 
highest  SiOo  content  in  these  mixtures  is  4.85  equivalents, 
the  minimum  3.40,  while  the  minimum  RO  is  0.295.  The 
cone  12-131/2  area  it  will  be  observed  is  very  large,  indi- 
cating that  the  proper  development  of  such  a  kaolin  body 
would  be  obtained  only  at  the  higher  temperatures,  just  as 
was  shown  in  the  triaxial  diagram. 
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D.  Fig.  9.  The  English  China  (JJay  limits  for  cone 
10-12  are  5.10  maximum  SiOo,  2.75  minimum  SiOg  and 
0.16  minimum  RO.  For  cones  12-131,4  the  maximum  SiOg 
is  5.55,  tlie  minimum  SiOo  2.35,  and  the  minimum  RO 
practically  0.11. 

Porosity  Coordinated  with  Feldspar-Flint  Contents, 
— the  clay  being  kept  constant,  at  cone  0-10. 
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1.  50%  Clay,  Fig.  10.  This  diagram  shows  at  once 
the  percentages  of  feldspar  necessary  to  bring  about  vitri- 
fication at  this  temperature.  For  the  Georgia  kaolin  this 
point  is  about  24%,  for  the  Tennessee  ball  clay  less  than 
15%,  for  the  N.  C.  kaolin  25%,  and  the  English  China 
clay  about  15%.    As  far  as  the  ball  clay  and  the  English 
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China  clay  are  concerned,  the  feldspar-flint  additions  are 
of  the  nature  of  refractory  agents.  The  feldspar  is  dis- 
tinctly a  flux  for  the  N.  C.  kaolin  but  very  much  less  so 
for  the  Georgia  kaolin. 

2.  60%  Cla)i_,  Cone  0-10,  Fig.  11.  Here  the  true  na- 
ture of  the  various  clays  is  more  clearly  represented,  and 
brief  inspection  shows  that  the  "NT.  C.  kaolin  is  by  far  the 
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most  refractory  material  which  even  with  niaximum 
amount  of  flux  fails  to  produce  a  dense  body  at  this  tern- 
peratul'e.  AVith  60%  clay  any  i)ossible  combination  of  spar 
and  flint  cannot  bring  about  vitriflcation.  The  eutectic 
point  of  N.  C.  kaolin-spar  as  well  as  of  N.  C.  kaolin — 75% 
pure  spar+25%  flint  mixture— is  beyond  cone  0-10. 
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Porosity-Temperature  Diagrams. 

I.     50%  Clay. 

Series  A ,  Georgia  Kaolin,  Fig.  12.  These  curves  pre- 
sent the  rate  of  vitrification,  and  we  note  that  for  the  mix- 
tures Nos.  2,  4,  6  and  8  vitrification  proceeds  most  rapidly 
between  cones  4  and  6,  while  for  Nos.  10  and  11  the  same 
action  occurs  only  beyond  cone  11. 

It  is  fair  to  assume  then  that  the  active  fluxing  magma 
in  all  bodies  but  Xo.  11  has  a  melting  point  between  cones 


TRANS.  AM.  CEB.50C.V0LXII. 


BLEININGER   &   5TULL. 


51 

36 
34 
3Z 
30 
Z8 
26 
24 
II 
20 
18 
^16 

^12 

-eio 


,.    1 

■^ 

^ 

^.  z  ~5D%Felds/iar¥-oznin 

4—}0          ■'          10       ' 
6-30           '          ZO       ' 

^ 

-^z 

1 

^"~-~^ 

.^..^ 

^ 

\(0 

8~Z0           '         30       " 

■ — ^ 

'-ii-S          '        -^      •• 

^^ 

^ 

^\ 

N.^ 

\^ 

> 

^ 

\ 

^^ 

\ 

__6__ 

s 

S 

~~^ 

r^^ 

\ 

^ 

\    ^ 

\, 

\ 

\ 

s, 

N 

~^J 

\ 

"x 

\ 

— "^-^"^X 

\ 

\ 

"^■^^ 

rV  K"^ 

^^ 

^ 

i    ^i' — 



■---^ 

r^^ 

><; 

\ — 4" 

I        I       3 


^o 


4  and  6,  and  it  is  entirely  possible  to  find  its  composition 
by  running  a  series  of  the  system  0-50%  clay,  50-0%  feld- 
spar+flint.  Prom  the  large  part  of  the  pore  space  filled 
up  during  this  short  temperature  interval  It  appears  also 
that  the  fluxing  matter  has  a  lower  viscosity  than  at  any 
subsequent  stage.  For  while  at  higher  temperatures  the 
total  amount  of  the  igneous  solution  is  greater  as  it  en- 
riches itself  in  silica  and  alumina,  the  viscosity  increases 
correspondingly,  causing  it  to  flow  less  readily  and  more 
liable  to  form  a  bleb  structure.     It  is  for  this  reason  that 
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the  addition  of  a  small  amount  of  lime  is  beneficial,  inas- 
mueli  as  it  decreases  the  viscosity  and  hence  reduces  the 
above  tendency. 

Series  B.  Tenn.  Ball  Clay.  Fig.  13.  Here  the  condi- 
tions are  very  similar  excepting  that  the  greater  impurity 
of  the  clay  causes  the  curves  to  start  at  lower  porosities. 
Like  in  the  preceding  and  all  subsequent  series,  it  is  evi- 
dent that  the  fusing  action  of  feldspar  begins  at  quite  a 
low  temperature. 

Series  C.  N.  C  Kaolin,  Fig.  14.  The  characteristic 
feature  of  this  clay,  its  longer  vitrification  temperature 
range,  is  at  once  shown  as  is  to  be  expected  from  such  a 
comparatively  coarse  grained  kaolin.  AVliile  the  Georgia 
kaolin  in  mixture  No.  8  reaches  vitrification  betAveen  cones 
11-12,  the  N.  C.  kaolin  of  the  same  mixture  barely  ap- 
proaches the  vitrified  state  at  cone  13.  This  points  out  a 
useful  function  of  this  material  which  must  not  be  lost 
sight  of,  its  ability  to  hold  up  a  clay  body.  The  more  a 
certain  composition  or  shape  has  a  tendency  to  deforma- 
tion, the  greater  proportion  of  this  kaolin  can  be  intro- 
duced to  counteract  it. 

Series  D.  Fnglish  China  Clag,  Fig.  15.  The  smooth 
curves  indicate  well  the  character  of  the  vitrification  pro- 
cess. It  differs  from  the  two  preceding  kaolins  in  that  it 
appears  to  bring  about  better  vitrifying  conditions,  which 
are  not  too  abrupt  between  certain  points,  nor  does  it  fail 
to  produce  vitrification  with  a  low  feldspar  content  like 
that  of  No.  10  of  A  and  C.  Its  great  fineness  of  grain 
undoubtedly  is  a  factor  in  this  behavior. 

II.    60%  Clay. 

Series  A.  Georgia  Kaolin.  Fig.  16.  In  this  set  of 
curves  the  same  observation  is  made  as  before,  viz.,  the 
highest  rate  of  vitrification  is  found  between  cones  4  and  7 
but,  as  is  to  be  expected,  the  vitrification  temperatures, 
have  been  raised  with  the  higher  clay  content. 

Series  B.  Tenn.  Ball  Clag,  Fig.  17.  In  distinction 
from  the  preceding  clay,  the  vitrification  temperatures  are 
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lower  than  with  50%  mixtures,  a  fact  to  which  attention 
has  already  been  called  above. 

Series  C.  N.  C.  Kaolin,  Fig.  18.  The  vitrification 
temperatures  of  these  mixtures  are  considerably  higher 
than  in  the  50%  series,  and  the  slopes  of  the  curves  far 
more  gradual  in  the  cone  4-7  interval. 

Series  D:  English  China  Clay,  Fig.  19.  Here  no 
radical  changes  are  noted  though  the  vitrification  temper- 
atures have  been  shifted  somewhat  to  the  right. 


Specific  Gravity-Temperature  Diagrams. 

In  figures  20,  21,  22,  28,  24,  25,  26  and  27  the  fact 
that  silicates  undergo  an  increase  in  specific  volume  upon 
vitrification  is  shown  clearly. 
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DI-ELECTRIC  BEHAVIOR. 

In  Table  II  the  voltages  required  to  puncture  the  test 
pieces  are  compiled,  together  with  the  burning  tempera- 
tures in  cones.  The  voltages  have  been  arranged  in  three 
groups  which  are:  Less  tlian  10,000  volts  per  mm;  from 
10,000-14,000  volts  per  mm.,  and  from  14,000-18,000  volts 
per  mm.  These  groups  are  shown  in  the  triaxial  composi- 
tion diagrams.  Figs.  28,  29,  30  and  31.  Of  each  composi- 
tion the  specimen  showing  the  highest  resistance  was  se- 
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lected  without  regard  to  the  burning  temperatures.  The 
di-electric  punctures  seemed  to  locate  flaws  in  the  body 
structure  with  accuracy,  and  frequently  the  break  would 
occur  some  distance  away  from  the  electric  contact, 
through  some  jiggering  defect.  Kesults,  in  which  punc- 
ture Avas  evidently  due  to  a  flaw,  were  rejected. 

On  comparing  the  di-electric  strength  diagrams  it  is 
found  that  the  maximum  voltage  group  is  by  no  means 
restricted  to  a  short  range  in  composition  but  covers  a 
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English  China  Clay. 
large  area,  in  each  case  roughly  proportional  to  the  vitri- 
fication area.  If  this  electrical  test  is  acceptable,  of  which 
the  writers  are  not  certain,  since  they  have  no  familiar 
knowledge  of  insulator  testing,  it  would  seem  then  that 
any  well  vitrified  body,  free  from  mechanical  and  burning 
flaws,  irrespective  of  composition,  would  be  suitable  for 
insulation  work  as  far  as  electrical  resistance  is  concerned. 
It  is  therefore  more  a  matter  of  obtaining  sound  vitrifica- 
tion than  of  a  certain  composition.  The  proper  selection 
and  combination  of  the  clays  for  best  mechanical  manipu- 
lation, proper  drying  and  normal  burning  and  vitrification 
are  the  main  points  to  be  considered.  In  this  respect  it  is 
evident  that  much  can  be  done  if  the  drying  and  burning 
behavior  of  each  clay  is  thoroughly  understood.  With  a 
mixture,  for  instance,  of  (leorgia  kaolin,  North  Carolina 
kaolin,  and  Tennessee  ball  clay  it  would  be  possible  to 
meet  practically  every  condition  and  by  adjusting  the 
amount  of  the  coarser  grained  materials,  the  drying  and 
burning  behavior  could  be  regulated  satisfactorily.     The 
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j)ractice  of  the  white  \\are  potter  to  depend  upon  three  or 
four  materials  for  the  introduction  of  his  clay  substance 
is  a  wise  one,  provided  a  i>roper  balance  is  maintained 
between  clays  of  the  opposite  type. 

What  has  been  said  regarding-  the  di-electric  behavior 
of  porcelains  at  atmospheric  temperatures  does  not,  of 
course,  apply  to  more  elevated  temperatures.  The  electri- 
cal resistance  of  porcelain  rapidly  decreases  with  increas- 
ing temperature,  and  at  the  same  time  the  composition 
becomes  a  more  and  more  important  factor.  Thus  a  high 
feldspar  jjorcelain  may  be  an  excellent  nonconductor  at 
ordinary  temperature,  but  might  break  down  utterly  at  a 
temperature  of  several  hundred  degrees  C. 

Owing  to  the  fact  that  graphic  presentation  has  been 
employed  throughout,  the  facts  found  are  more  clearly 
shown  by  the  diagrams  than  can  be  summarized  in  words. 
The  fact  that  feldspar  is  a  solvent  and  does  not  react  chem- 
ically with  the  clay  substance  is  again  brought  out  clearly, 
as  well  as  the  observation  that  this  mineral  begins  this 
dissolving  action  at  a  low  temperature.  It  was  shown 
also  that  the  structure  and  fineness  of  grain  of  the  clays 
incorporated  in  a  body  have  a  decided  influence  upon  the 
vitrification  process.  In  one  case  (Tennessee  ball  clay) 
tiie  feldspar-flint  mixture  even  behaved  as  a  refractory  con- 
stituent in  the  50%  clay  body.  From  this  it  follows  that 
the  feldspar  content  required  depends  upon  the  individual 
clays  employed  and  not  upon  the  total  content  of  so-called 
clay  substance.  In  this  way  it  may  be  possible  to  cut 
down  the  percentage  of  feldspar  by  changing  one  or  more 
of  the  clays. 

Attention  was  called  to  the  fact  that  the  rate  of  vitri- 
fication of  the  various  bodies  Avas  not  ( onstant,  but  showed 
an  acceleration,  usually  between  cones  4-7.  This  was 
ascribed,  in  part,  to  the  lower  viscosity  of  the  resulting 
fusible  component  at  these  temperatures. 

The  English  China  clay  showed  a  more  uniform  rate 
of  vitrification  and  a  greater  range  than  the  two  American 
kaolins. 
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Vitrification  is  accompanied  bv  increase  in  the  speci- 
fic volume.  The  worlv  failed  to  show  any  regnlar  relation 
between  feldspar  content  and  burning  temperature  on  the 
one  hand  and  the  development  of  vesicular  structure  on 
the  other. 

The  electrical  resistance  seems  to  depend  more  upon 
sound  vitrification  and  good  mechanical  structure  than 
chemical  comijosition,  excepting,  of  course,  insofar  as  the 
latter  governs  the  vitrifying  behavior. 

The  thanks  of  the  writers  are  due  to  Professor  C.  W. 
Eolfe,  Director  of  tlie  Department  of  Ceramics,  ITniversity 
of  Illinois,  for  having  granted  the  funds  necessary  for  this 
work,  and  to  Messrs.  W.  S.  Williams,  A.  E.  Williams,  S.  B. 
Eadclilfe  and  11.  K.  Hursh  for  tlieir  careful  work  and 
faithful  cooperation. 

DISCUSSION. 

Mr.  Fnrdij:  I  notice  that  you  plot  your  results  on 
basis  of  chemical  composition,  rather  than  mineralogical 
constitution.  Are  you  more  willing  to  base  jonv  deduc- 
tion on  chemical  composition  than  on  mineralogical  con- 
stitution? In  other  words,  would  it  not  have  been  more 
logical  procedure  to  have  plotted  your  data  with  the  min- 
erals as  variants  rather  than  the  oxides  of  which  the 
minerals  are  comprised? 

Mr.  Bleiniuger:  The  results  are  referred  both  to  the 
chemical  composition  (from  the  analyses)  and  to  the  per- 
centage composition  of  the  three  constituents.  No  attempt 
has  been  made  to  get  at  the  mineral  composition,  i.  e.,  con- 
tent of  clay  substance,  feldspar  and  quartz  in  their  theo- 
retical relations. 

Mr.  Furdy:  In  the  first  place,  we  do  not  know  the 
exact  mineralogical  constitution  of  the  commercial  kaolins 
and  feldspars.  In  the  second  place,  such  breaking  down 
of  originally  added  mineral  compound,  as  for  instance, 
kaolinite  to  form  sillimanite  will  not  take  place  in  the  vit- 
rified portion  at  the  same  temperature  nor  at  the  same  rate 
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as  tliev  would  if  heated  alone,  i.  e.,  without  admixture  of 
other  uiiuerals.  The  transition  from  the  unstable  AI2O3 
2  SiOo  to  the  stable  AloO-. :  SiOo  occurs  in  porcelains  much 
earlier  than  it  would  in  pure  kaolinite. 

Then  again,  the  reversible  transition  from  quartz  to 
tridimite  varies  in  rate  with  variation  in  viscosity,  etc., 
of  the  molten  solution  in  Avhich  the  free  silica  is  dissolved. 
In  some  porcelain  mixtures  I  doubt  if  there  is  a  complete 
reversal  from  tridimite  to  quartz. 

It  is  a  fact,  however, — and  Professor  Bleininger  will 
agree  with  me  in  this — that  the  only  decided  chemical  al- 
teration taking  place  in  vitrifying  porcelain  is  the  break- 
ing down  of  kaolinite  to  the  more  stable  form — sillimanite. 
While  it  is  a  fact  also  that  this  transformation  or  breaking 
down  takes  place  in  a  fusion  at  much  lower  tem])erature 
than  it  otherwise  would,  the  researches  that  Mr.  ^'atts 
quoted  last  jenr  demonstrated  that  it  was  a  very  sluggish 
transformation.  This  means  that  in  a  vitrified  porcelain, 
sillimanite  is  formed  so  slowly  that  it  does  not  progress 
very  far  under  the  normal  burning  condition  prevailing  in 
porcelain  factories. 

We  may  not  be  in  position  to  speculate  as  to  the  exact 
constitution  of  the  vitrified  porcelain,  yet  we  do  knoAv  as 
much,  if  not  more,  about  the  constitution  of  it  in  this 
condition  than  we  possibly  can  of  it  in  tlie  unburned  con- 
dition. 

Mr.  Bleininger:  I  do  not  agree  with  Professor  Purdy 
in  all  he  says.  In  fact,  I  believe  we  are  still  far  off  from 
knowing  what  takes  place  during  vitrification  and  fusion 
in  systems  involving  at  least  three  minerals,  under  condi- 
tions far  from  equilibium  and  influenced  by  such  factors 
as  difference  in  fineness  of  grain,  rate  of  heating  and  cool- 
ing, etc.  Again  there  comes  in  the  diificulty  of  determin- 
ing the  minerals  composing  the  clay,  feldspar  and  quartz, 
with  any  degree  of  accuracy.  Surely,  the  structure  of  such 
clays  as  the  North  Carolina  and  Georgia  kaolins  is  not 
differentiated  by  the  present  methods  of  mineral  analysis 
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or  mineral  computation.  That  we  have  realized  the  differ- 
ences caused  by  the  uses  of  different  clays  is  sliown  by  the 
very  aim  of  this  work  where  we  have  combined  the  same 
feldspar  and  quartz  with  four  different  clays.  I  see  lieuce 
no  objection  to  referring  the  results  to  pt^'centage  composi- 
tion and  chemical  formulae.  The  latter  at  least  are  based 
upon  positive  facts,  the  chemical  composition  obtained  liy 
analysis.  As  soon  as  we  have  methods  available  for  min- 
eral analysis  of  reasonable  accuracy,  which  do  not  depend 
upon  an  insufficient  technique  or  theoretical  calculation,  1 
am  sure  they  will  be  used. 

il/r.  Pnrdij :  What  I  have  in  mind  is  this.  If  you 
should  make  up  the  body  by  molecular  formula  based  on 
chemical  analysis  of  the  materials,  introducing  your  KoO, 
etc.,  from  different  sources,  would  you  have  tlie  same  re- 
sults? In  otiier  words,  would  you  base  a  consistent  argu- 
ment or  expect  constant  result  by  blending  wholly  on  basis 
of  chemical  composition?  Does  not  the  sort  of  minerals 
you  use  have  very  large  effect? 

ilir,  Bleiiiiiif/er:  I  do  not  deny  that  tlio  mineral 
structure  is  of  importance,  but  the  hner  the  constituents 
of  a  bod^^  are  ground  the  less  important  does  the  initial 
mineral  composition  become.  Thus  recent  work  has  shown 
that  a  good  porcelain  body  was  obtained  from  a  mixture 
of  pure  silica,  pure  alumina  and  alkali.  Given  tine  enough 
grinding  and  long  enough  burning  and  the  initial  mineral 
structure  will  be  wiped  out.  However,  in  most  of  our 
American  bodies  the  initial  structure  persists — a  fact 
which  is  well  realized.  What  I  wish  to  bring  out  is  the 
fact  that  the  usual  calculated  mineral  composition  and 
that  obtained  by  the  rational  analysis  is  ina^^-curate  and 
based  upon  conceptions  which  are  not  in  accord  Avith  facts. 
Why  not  then  be  content  with  the  chemical  composition  as 
given  by  analysis?  As  to  the  final  mineral  composition 
of  a  body  very  little  is  known.  We  know  for  instance  that 
sillimanite  is  formed  in  porcelains  at  certain  tempera- 
tures, but  to  use  the  amount  of  this  mineral  present  as  a 
criterion  of  the  value  of  a  bodv  seems  far  fetched. 
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il/r.  Pnvdy .  The  point  in  qnestion  miglit  Ite  made  by 
taking  this  case.  Suppose  we  have  the  potash  introduced 
through  a  viscous  medium  lilve  feldspar,  that  is,  viscous 
in  tlie  molten  state,  or  through  the  medium  of  mica,  or 
any  other  silicate  which  contains  alkalies?  We  could  get 
different  results,  or  we  might  get  the  same  results,  with 
the  same  chemical  composition.  It  depends  upon  the  vis- 
cosity of  the  medium  through  which  the  oxides  are  added 
whether  the  reaction  is  going  to  come  to  equilibrium  or 
not,  and  the  mineralogical  constitution,  both  initial  and 
final,  is  in  my  estimation  much  more  important  than  the 
simple  analysis  of  the  body.  We  have  tried  some  of  those 
tilings  this  year  and  found  that  it  was  far  more  logical,  or 
our  data  were  followed  far  more  easily  on  the  simple  min- 
eralogical basis,  than  on  basis  of  chemical  composition. 
We  have  come  to  the  conclusion,  therefore,  that  it  is  fool- 
ishness to  write  a  molecular  formula  of  the  body  as  we  do 
of  glazes,  because  we  have  produced  different  bodies  on 
the  same  formula. 

If  you  mix  potash,  alumina,  and  silica  in  the  same 
proportion  as  in  pure  feldspar,  and  then  frit  the  mix, 
you  Avill  obtain  feldspar.  No  one  questions  that.  Day  and 
Allen  did  that  very  thing,  but  they  had  to  fuse  and  refuse 
the  mass  many  times  before  they  obtained  any  large  per- 
centage amount  of  feldspar  from  the  mix  used.  If  a  feld- 
spar be  thus  made  and  used  as  a  constituent  in  porcelain, 
may  I  ask  would  it  not  be  feldspar  still,  although  syn- 
thetically prepared?  Watts  imitated  Cornwall  stone  thus, 
but  he  calcined  his  synthetic  mix  before  attempting  its 
use.  You  cannot  add  K^^'  ALOo  and  SiOo  as  such  and 
riake  a  porcelain  that  would  be  like  one  of  same  composi- 
tion but  made  from  commercial  feldspar,  etc. 

The  researches  of  Seger,  Alellor.  Simonis,  Berdel, 
and  of  Shepherd  and  I'ankin,  leave  but  little  if  any  doubt 
that  fusion  in  porcelain  is  not  attended  by  chemical  reac- 
tion between  the  mineral  components,  and  that  the  only 
chemical  phenomena  noted  is  the  formation  of  sillimanite 
from  kaolinite. 
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Mr.  BJciningcr:  It  will  be  noticed  that  the  results  of 
the  work,  porosity  aud  di-electric  strength,  are  not  re- 
ferred to  the  chemical  composition  but  to  the  percentages 
of  clay,  feldspar  and  quartz.  The  chemical  composition 
has  been  used  for  the  purpose  of  classification  for  which 
purpose  I  maintain  that  it  is  closer  to  the  facts  than  any 
hypothetical  mineral  composition. 

-l/r.  Purdif:  There  is  one  other  point  in  that  connec- 
tion. Of  course,  in  the  bodies  we  do  not  completely  fuse 
the  mix.  Such  a  procedure  would  result  in  distorted  ware. 
Synthetically  made  porcelain,  unless  made  from  fritted  or 
calcined  material,  will  not  be  of  the  same  sort  as  those 
porcelains  you  ha^e  exhil>ited  here.  1  haA^e  seen  porcelain 
glazes  attempted  synthetically.  The^^  were  failures.  The 
same  would  be  true  in  porcelain  bodies.  While  working 
in  a  floor  tile  factory,  I  attempted  the  duplication  of  cer- 
tain French  porcelain  on  basis  of  chemical  com])osition. 
I  failed.  The  same  can  be  said  for  any  ceramic  body  and 
nearly  all  of  the  alkaline  earth  glazes. 

But  there  is  one  other  point,  feldspar  in  large  quan- 
tities produces  a  vesicular  structure.  Have  you  deter- 
mined the  eifect  of  bleb  structure  in  di-electric  strength? 
I  noticed  the  high  strength  was  in  the  high  feldspar  bodies 
but  the  maximum  feldspar  was  only  50%. 

Mr.  Bleininger:  The  determinations  of  the  true  spe- 
cific gravities  were  made  for  the  primary  purpose  of  get- 
ting at  the  "bleb"  structure,  but  we  were  grievously  dis- 
appointed in  finding  that  the  porosity  curves  expressing 
the  enclosed  pore  space  were  far  from  consistent.  Roughly, 
the  bleb  space  increased  with  the  content  of  feldspar,  but 
it  seemed  that  the  variations  in  physical  structure  Avere  an 
important  factor.  Thus  the  amount  of  water  used  and  the 
manipulation  evidently  brought  about  fluctuations  in  the 
volume  of  enclosed  poral  space.  We  regret  exceedingly 
that  we  failed  to  show  any  consistent  relation  in  this 
direction. 


CONCERNING  THE  POSITION  OF  BORON  IN  THE 
GLAZE  FORMULA. 

BY 

Felix  Gustav  Singer,  Bnnzlau,  Germany. 
{Translated  hy  Arthur  S.  Watts) 

INTRODUCTION. 

Ill  bis  treatise^  Seger  classes  boric  acid  and  silicic 
acid  togetber,  in  wlilcb  connection  be  claims  tbat  the  re- 
placement of  one  equivalent  of  silicic  acid  by  boric  acid 
reduces  tbe  melting  point  of  tbe  glaze  without  affecting 
the  chemical  equilibrium  of  the  remainder  of  its  composi- 
tion. The  two  acids  SiOo  and  BoOo  are  placed  by  Seger 
as  opposed  to  the  RO  bases,  and  also  the  AloO.,.  This  trea- 
tise forms  the  basis  for  the  belief  universally  prevailing  in 
the  ceramic  world,  that  B0O3  possesses  the  same  character- 
istics in  the  glaze-formula  as  SiOo,  and  that  these  two  sub- 
stances hence  belong  in  the  same  column  in  the  glaze- 
formula.  This  view  is  held  by  the  writers  not  only  of  the 
larger  reference  works  and  hand-books,  but  also  of  the 
newer  theoretical  ceramic  text  books.- 

Seger's  views  were  attacked  by  Ross  C.  Purdy  and 
Harry  B.  Fox  in  their  treatise  on  "Fritted  Glazes,^  in 
which  they  conclude  that  the  radical  BoO;^  and  AloOy  are 
analogous  in  glazes,  and  possess  entirely  different  charac- 
t-eristics  from  the  SiOo.  The  same  opinion  is  reached  by 
C,  F.  Binns  in  his  article  "The  Function  of  Boron  in  the 
Glaze  Formula,^  in  which  he  asserts  that  BoO^  possesses 
direct  basic  characteristics. 


'  Uber  Glazuren-Pehler   und   der&n  Ursachen. 

^  Pukall,     Keramisches     Rechnen;     Jackson.     A     Text-book     on    Ceramic 
Calculations,   &c. 

^  Trans.  Am.   Cer.  Soc.  Vol.  IX,  p.   95. 
*  Trans.  Am.  Cer.  Soc,  Vol.  X,  p.  15S. 
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Stimulated  by  these  investigatioDs,  I  undertook  the 
following  research  in  the  hope  of  assisting  in  the  solution 
of  this  question.  In  the  first  place,  I  do  not  attempt  to 
prove  that  BoOs  possesses  either  acid  or  basic  characteris- 
tics in  glazes,  but  confine  myself  to  the  discussion  of  the 
similarity  of  its  manner  of  working  with  that  oP  the  Al^Oo 
and  the  other  analogous  sesquioxides. 

I  first  desire  to  call  attention  to  the  similarity  of  the 
two  elements  BoOo  and  AloOo  as  regards  their  location  in 
the  periodic  system,  their  similar  atomic  values,  and  their 
similar  combining  forms,  and  also  the  similar  peculiarities 
or  characteristics  of  their  corresponding  combination 
forms,  especially  in  molten  bodies.  The  two  sesquioxides 
B0O3  and  ^lloOg  belong  to  the  small  class  which  possesses 
the  property  of  solidifying  as  glass-like  and  amorphous 
bodies  from  the  molten  condition.  However,  while  B2O3 
melts  relatively  easily,  the  melting-point  of  AI..O3,  corres- 
ponding to  its  higher  molecular  weight,  belongs  to  an  un- 
similar,  higher  temperature,  i.  e.,  oxy-hydrogen  flame. 

The  borates  are  more  difficultly  fusible  than  boric  acid, 
while  correspondingly  the  aluminates  have  not,  up  to  the 
present  time,  been  melted  alone.  However,  these  sub- 
stancs  do  attain  glass-like  characters  to  a  high  degree,  as 
is  indicated  by  the  fact  that  AUOo  dissolves  in  other  sili- 
cate glasses.  However,  in  this  event,  it  hinders  glassiflca- 
tion,  exacth'  the  same  as  the  boron-trioxide  noted  by  Purdy 
and  Fox. 

The  same  opinion  is  expressed  by  Zulkowski,'^  where 
he  speaks  of  the  possible  existence  of  the  pyro-borates  as 
analogous  to  the  pyro-aluminates.  Moreover,  the  two  ses- 
quioxides, AI2O3  and  B0O3,  display  the  same  favorable  in- 
fluence upon  the  durability  of  glass.  This  is  illustrated 
in  the  following  curves  by  R.  Schaller.'^  In  interpreting 
them,  Schaller  reaches  this  conclusion  :  "In  the  glass  in- 
dustry, not  only  BoO.,  but  also  Al^O.  and  the  analogous 

=  "Uber  die  Konstitution  des  Glases."  "Die  Chemische  Industrie."  1899. 
No.   13.  page  280. 

"  Sprechsaal.   Xo.   42.   1909,   page   616. 
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sesquioxides^  Fe^O^  and  .l/z/s^s  are  claimed  to  be  acids/' 
This  opinion  was  based  upon  the  above  mentioned  treatise 
by  ZulkowslviJ 

The  following  research  Tvill  deal  especially  with  the 
investigation  of  the  seven  topics  mentioned  below : 

(A)  Substitution  of  AloO..,  and  BoOg  in  frit- 
ted matt-glazes  and  investigation  of  the  resulting 
changes. 

(B)  .  Comparison  of  the  influence  of  AI0O3 
and  BoOo  upon  cobalt-blue  glazes. 

(C)  Comparison  of  the  influence  of  AI2O3 
and  BoOo  upon  turquoise-blue  copper  glazes. 

(D)  Comparison  of  the  influence  of  ALO3 
and  BoOo  upon  red  and  green  under-glaze  colors. 

(E)  Direct  test  of  boro-silicato  fusions  as  to 
their  aciditv  or  basicitv. 
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(F)  Production  of  crystallized,  mutually  iso- 
morplious  silicates  of  AUO.j,  VoO;„  Mn^Oo,  FeoOo, 
C02O3  and  BoO,.. 

(G)  Similar  color  influence  of  AloOg  and 
B2O3  in  artificial  crystalline  silicates  and  corres- 
ponding similarity  with  glazes. 

A.     Replacement  of  AloO^  by  BoO;.  in  Unfritted  Matt 

Glazes. 

In  his  article  "Types  of  a  Matt  Glaze  for  Cone  2-4/' 
Orton-  gives  a  curve  by  which  is  shown  the  necessary 
basicity  for  good  matt-glazes.  Dr.  W.  Pukall  had  pre- 
viously stated  that  on  fine  stoneware  at  cone  7  good  matt- 
glazes  AN'ere  obtainable  when  the  oxygen-ratio  (ALOo  being 
reckoned  with  the  EG  as  a  base)  of  the  bases  to  the  acids 
was  1 :  2.  This  ratio  can  be  located  in  the  Grton  curve 
and  therefore  serves  as  a  confirmation  of  it.  With  this 
fact  as  a  basis,  I  investigated  the  influence  of  the  intro- 
duction of  boric  acid  in  the  place  of  aluminum  oxide  in 
matt  glazes;  i.  e.,  whether  in  addition  to  the  natural  low- 
ering of  the  melting  point  of  the  glaze,  the  BgGo  acts  as  an 
acid  like  SiGo,  as  Seger  claims,  or  whether  it  is  to  be 
placed  in  the  column  of  the  sesquioxides,  R20aj  ^^^  ^*^'ts  in 
a  manner  analogous  to  ALG.;.  I  attach  special  importance 
to  the  fact  that  the  constitution  of  the  glaze  remains  the 
same,  i.  e.,  that  the  introduction  of  the  BoG.-,  is  not  effected 
in  the  customary  form  of  a  fritt,  but  by  means  of  calcium- 
borate,  by  which  the  character  of  the  raw  glaze  was  not 
changed. 

After  this  investigation  was  nearly  completed  T 
learned  of  the  statement  made  by  Binns  in  the  discussion 
of  matt  glazes  and  the  influence  of  boron  on  them." 

In  the  following  experiments,  AAhicli  were  carried  out 
entirely  independent  of  the  above  statement,  tlie  author 


'  See  5. 

'  Trans.   A.   C.   S.,  Vol.  X.   pp.   547-582 

»  Trans.    A.    C.    S..   A'ol.   XI.   p.    171. 
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does  not  desire  to  encroach  upon  Binns'  work,  bnt  is  able 
to  confirm  his  statements. 

I  started  with  the  following  proved  matt  glaze 

0.7  CaO  ; 

A  1  0.2  K„0  >        0.6  ALO3  2.8  SiO^ 

0.01  MgO         \  ; 

O.  R.  =  l:2 

BATCH  WEIGHTS. 

Feldspar    11 .  18 

Maguesite     84 

Zettlitz  Kaolin    10 .  36 

Flint  from  Hohenbocka  sand 4.83 

Marble,   pulverized 7 .  09 


34.30 


and  introduced  boron  trioxide  in  the  form  of  calcium 
borate  (CaOBoO.;)  bv  increasino-  substitutions  for  ALO-. 
If  B0O3  has  the  same  acid  functions  as  SiOo,  it  will,  when 
introduced  into  the  above  glaze  in  the  place  of  AI2O3,  com- 
pletely change  the  oxygen  ratio,  which  in  the  above  A  1 
glaze  ivs  1 : 2.  The  glaze  will  become  more  acid,  with  a 
lower  melting  point,  and  the  oxygen  ratio  of  bases  to  acids 
Vvill  attain  values  by  which  otherwise  no  matt  glazes  would 
be  obtained.  However,  if  one  classes  the  B0O3  with  the 
sesquioxides,  R2O3?  for  which  it  is  introduced,  the  oxygen 
ratio  is  not  changed  although  the  melting  point  is  lowered. 

•'  Cao     ^        55  410      ) 

A  2  .2  K.,0        I        -^Jl  ^^-A'^       '     2.8  SiO„ 

.1  MgO       I  ^^  ^^0=        \ 

O.  R.  1  :  2        if  B„0.  is  a  base 
O.  R.  1  :  2.26  if  B.O-;  is  an   acid 

BATCH    WEIGHTS. 

Feldspar    11.18 

Magnesite     84 

Zettlitz   Kaolin    9.06 

Flint  from  Hohenbocka  sand .5.44 

Calcium   borate    63 

Marble,  pulverized    6.51 

33.66 
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At  the  temperature  of  Seger  cone  4-5,  this  gives  a 
beautiful  matt  glaze. 

The  following  five  experimental  glazes  and  their  char- 
acter aft«r  fusion  are  shown  in  the  followinc;  table: 


u    ^ 

Forumla 

Oxygen  Ratios 

0      3 

i   ^ 

0      " 

3 

z 

RO 

R..O3 

SI  O2 

If  B..O3     If  B0O3 
be  basic    be  acid 

1 

produced 

0.7  CaO 
A  3..  0.2  K..0 
:0.1  MgO 

0.5     AloO^ 

0.1    bA 

0.45  AUO, 
0.15  B„b, 

2.80     1:2 

1 
l:2.480j       4 

1 

good  matt  slaze 

A  4..' 
A  5.. 
A  6.. 

0.7  CaO 
0.2  K„0 
0.1  MgO 

2.80     1:2 

1:2.766 
1:3.090 

3 — 4  1  good  matt  glaze 

i          ! 

0.7  CaO 
0.2  K„0 
0.1  MgO 

0.7  CaO 
0.2  K^O 
0.1  MgO 

0.7  CaO 
0.2  K.,0 
0.1  MgO 

0.40  ALO, 
0.20  B,b3 

0.30  AI2O3 
0.30  B,A 

0.20  ALO3 
0.40  BA 

2.80 

1:2 

2 — 3  (  good  matt  glaze 

i       ! 

2.80 

1:2 

1             1 
1 : 3 .  894      04     1  complete  matt,  glaze 

\  7... 

2.80 

1:2 

1 : 5 .  000  07—08  faultless  matt  glaze 

1 

If  one  heats  matt  glazes  above  their  maturing  temper- 
ature, thev  become  clear,  perhaps  because,  through  the 
longer  and  more  intensive  action,  they  take  silicic  acid 
out  of  the  bodv  and  thereby  become  more  acid.^^' 

The  maturing  temperatures,  found,  are  not  in  contra- 
diction to  the  facts  found  ])y  Orton,  although  he,  for  the 
same  temperatures,  gave  other  basicities  as  correct  and 
necessary  for  matt  glazes.  In  the  matt  glazes  u{)on  which 
Ids  curve  is  founded,  only  the  general  practical  raw  ma- 
terials for  raw  glazes  are  used.  To  these  BoO.,  does  not 
lU'operly  belong.  By  the  introduction  of  unusual  mater- 
ials, tlie  individual  values  were  naturally  changed,  this 
being  especially  pronounced  by  tlie  employment  of  boric 
acid,  which  yields  a  very  easily  fusible  glaze.   The  opposite 


Trans.   A.    C.    S..    Vol.   X,    pp.    547-582. 
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plienomena  A\'ould  result  from  the  molecular  replacement 
of  alumina  by  rare  earths  of  higher  molecular  weight. 

The  essential  fact  in  the  above  series  of  trials  is  that 
the  AI0O3  in  matt  glazes  may  be  replaced  by  equivalent 
amounts  of  B^Og,  without  the  character  of  the  glaze  suffer- 
ing any  change  aside  from  the  reduction  of  melting  point 
which  must  naturally  occur. 

This  is  only  explainable  by  the  assumption  that  AI0O3 
and  BoOo  act  in  like  manner  and  that  the  opinion,  origi- 
nating with  Seger  and  still  generally  prevailing,  "that  the 
boric  acid  may,  in  equivalent  amounts,  replace  the  silicic 
acid  in  glazes  without  changing  the  essential  character  of 
the  glaze,"  proves  incorrect. 

The  acceptance  of  B2O3  as  acid  in  the  investigated 
glazes,  gives  oxygen  ratio  of  base  to  acid  as  high  as  1:5. 
This  is  in  absolute  contradiction  with  the  results  of  inves- 
tigations of  matt  glazes,  while  if  the  B^O.-j  is  added  to  the 
bases  with  the  sesquioxides,  it  agrees  very  well  with  the 
results  obtained.  Based  upon  this  fact,  it  seems  practical 
to  the  author  to  insert  the  B0O3  in  matt  glazes,  not  in  the 
column  with  the  silicic  acid  but  in  the  column  of  the  ses- 
quioxides. 

B.     The  Influence  of  ALO,  and  B.O;;  upon  the  Cobalt- 
Blue  Glazes. 

It  is  known  tliat  aluminum  oxide  changes  the  color  of 
cobalt-blue  glazes.  Upon  the  basis  of  this  fact  the  follow- 
ing investigation  was  undertaken,  as  to  the  extent  of  this 
change  on  replacing  a  part  of  CO2O3  with  equivalent 
amounts  of  ALOo,  and  also  whether  B0O3,  in  part  or  en- 
tirely, may  be  introduced  in  the  place  of  AI0O3.  This  in- 
vestigation starts  ^^•ith  the  glaze : 

0.70  NaO   1 
8  1  I      0.088  Co.,0.         3.00  SiO„ 

0.30  PbO    ) 

This  was  fritted  and  finely  pulverized  and  had  a  vio- 
let-blue color. 
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If  one-lialf  of  the  cobalt  oxide  in  this  glaze  is  replaced 
by  aliiminnm  oxide  it  gives  the  following: 

0.7  Na.O    I       A  A^^   o    /-.       J 
0.3  PbO     j       ^-^^^  ^-^^      ) 

The  color  of  the  above  corresponds  with  B  1  although 
distinctly  darker.  If  in  B  2  one  half  the  AUO.  is  replaced 
by  B2O3,  the  following  glaze  formula  results : 

0.7  Na.,0   1      0.044  CcOj 
B  3  .0.022  ALO.         ]■       3.00  SiO.. 

0.3  PbO     )      0.022  BX), 

This  shows  the  same  color  and  strength  of  shade  as 
B  2,  although  the  color  is  a  trifle  darker. 

0.7  Na,0    ^     ,,,^  ^^^^     I 
^  0.3  PbO     I     0.044   B.O..       I        -^^SiO. 

In  this  glaze,  one-half  of  the  cobalt  oxide  in  the  origi- 
nal glaze,  B  1,  is  replaced  by  boron  trioxide.  The  glaze  is 
scarceh^  noticeably  darker  than  B  3,  and  i)ossesses  the 
same  tint  as  B  2  and  B  3.  The  differences  between  B  2, 
B  3  and  B  4  are  extremely  small  and  only  discernable  to 
the  trained  eye,  A\hile  the  difference  between  the  strengths 
of  color  in  these  glazes  is  easily  noted  in  comparison  with 
the  original  glaze,  B  1.  Through  the  above  investigation, 
the  industrially  important  fact  is  established  that  the  color 
of  cobalt-blue  glazes  become  pronouncedly  darker  if  the 
half  of  the  COoOo  is  replaced  by  AI2O3.  BoOo  brings  out 
the  same  phenomena  as  the  AUOg,  but  in  even  slightly 
more  pronounced  degree. 

The  color  action  of  these  two  oxides  upon  cobalt-blue 
glazes  is  the  same  in  principle,  and  only  differs  in  degree 
in  that  BoOg  acts  more  intensively  than  AI0O3. 

Mr.  Heinecke,  artist  to  the  Bunzlau  Fachschule,  kind- 
ly determined  the  color  differences  and  verified  them,  and 
T  would  here  express  to  him  my  thanks. 
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C.     Influence  of  ALO.  and  B0O3  upon  Turquoise-Blue 

Glazes. 

Dr.  W.  Piikall  has  determined,  by  an  earlier  unpub- 
lished investigation,  which  he  carried  on  from  an  entirely 
different  standpoint,  that  aluminum  oxide  and  boron  tri- 
oxide  change  the  turquoise-blue  color  of  copper  glazes  to 
a  dirty  greenish-blue  tint. 

The  following  investigation,  based  on  this  information 
from  Dr.  Pukall,  to  whom  I  here  express  my  thanks,  will 
deal  with  the  question  of  the  extent  to  which  AUOg  and 
B2O3  exert  a  like  or  an  unlike  influence  upon  the  color  of 
the  copper-blue. 

The  original  glaze  is: 

0.64  Na„0 
C  1  !       0.27  Pbb  \        3.00  SiO,, 

0.09  CliO 

This  has  a  beautiful  lively  tur(}uoise-blue  color,  but 
when  converted  into  the  glaze  O  2 

0.64  Na„0 
C  2 


0.64   iNa„U        ) 

0.27  Pbb         I      0.2  ALO3        I      3.00  SiOo 

0.09  CuO        )  * 


the  color  appears  considerably  weaker,  and  possesses  a 
slight  trace  of  green.  This  color  change  was  more  pron- 
nounced  and  distinct  in  Glaze  C  3 : 

0.64  Na,0      ) 
C  3  0.27  Pbb        \       0.4  A].,0.        I       3.00  SiO. 

0.09  CuO        j  ' 

The  same  color  tone  was  displayed  by 

0.64  Na„0       ;         A  1    Ain       ^ 
C  4  0.27  Pbb        '■         '■;  ^'^=      I        3.00  SiO, 

0.09  CuO        \        ^-^  ^-^^        ' 

The  glaze  C  5  appears  yet  more  pronouncedly  green- 
ish: 

0.64  NaO        , 
C  5  0.27   Pbb  0.2  BO,  '        3.00  SiO, 

0.09  CuO         *>  ' 
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If  ZnO   replaces   FbO   in   tlie   original   glaze,   giving 


glaze  C  6, 

0.64  Na.,0       ) 
C  6  0.27  ZnO        '       3.00  SiO„ 

0.09  CuO        \ 

nearly  the  same  color  influence  results  from  the  introduc- 
tion of  B2O3  and  AloOo  as  before. 

It  appears  therefore  that  AI0O3  and  BoO^  change  the 
turquoise-blue  color  of  copper  glazes  to  a  dirty  greenish- 
blue  in  the  same  manner,  and  that  the  intensity  of  their 
action  differs  in  that  the  B2O3  acts  about  twice  as  power- 
fully as  AI2O3.  It  indicates  the  same  phenomena  as  by  the 
action  of  AI2O3  and  B2O3  upon  the  cobalt-blue  glazes,  when 
the  color  change  caused  by  B2O3  was  also  more  intensive 
than  that  produced  by  ALOo. 

D.    Comparison  of  the  Influence  of  AI0O3  and  B.^O.  upon 
Green  and  Red  Under-Glaze  Colors. 

K.  J.  Brick,  in  an  article  ''^Glaze  Composition  and  its 
Influence  upon  Green  and  Red  Under-Glaze  Colors,'"^  dis- 
cusses the  different  elements  and  their  influence  upon 
these  colors.  He  first  found  that  the  following  glazes 
brought  out  the  above  mentioned  under-giaze  colors  in  ex- 
ceedingly good  quality. 

0.40  PbO       )  . 

D  1  0.45  CaO        I       0.25  ALO3      I       2.80  SiO. 

0.15  K,0        )  ^ 

0.40  PbO  \ 

D  2  J!" ^2  5^5  V       0.25  ALO,  2.80  SiO„ 

0 .  lo   K„0  I  " 

0.05  Na„0        ' 

If  in  D  1  you  replace  0.05  CaO,  or  in  D  2  you  replace 
0.05  NaoO  by  0.05  BaO,  you  obtain  the  composition 


0.40  PbO 
0.40  CaO 


) 


D  3  ;-;l  ^''X         r       0-25  ALO3  2.80  SiO, 

0.05  BaO         ' 


"  Bruhn's   Fachblatt,    1909,    Nos.   42   and   43. 
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A\'liicli  has  a  very  unfavorable  influence  upon  green  and  red 
under-glaze  colors.  This  injurious  influence  of  barium  is 
intensifled  through  the  action  of  boric  acid,  while  in  Dl 
and  D  2  the  introduction  of  B^Og  in  as  great  amount  as  0.2 
molecule  was  not  injurious. 

However,  if  one  increases  the  boric  acid  content  in 
these  glazes  up  to  0.3  molecule,  the  under  glaze  colors  will 
likewise  be  destroyed. 

Too  great  a  content  of  alumina  injures  the  colors  also, 
in  the  absence  of  barium,  especially  when  at  the  same  time 
the  boric  acid  content  exceeds  a  certain  limit.  For  ex- 
ample, glaze 

0.40  PbO       ) 
D  4  0.45  CaO       \      2.94  SiO.,  0.32  Al.,03 

0.1.5  K.O       ) 

which  is  especially  adapted  for  the  favorable  development 
of  green  and  red  under-glaze  colors,  becomes  by  the  intro- 
duction of  0.2  BoOo  as  indicated  by  the  formula 


0.40  PbO       )       0  397  AlO        1 
D  5  0.45   CaO        !-      J^'o^^  f,i^'       '-      2.954  SiOo 

0.15  K.,0 


r    0.200  B„03      )- 


worthless  for  this  purpose. 

Brick  draws  from  this  the  following  conclusion : 

"The  alumina  appears  to  approach  the  barium  in  the 
above  mentioned  characteristic  because  the  strong  color- 
destroying  i)eculiarit3^  of  the  glazes  with  high  kaolin  con- 
tent, like  the  barium  glazes,  also  seems  to  depend  upon  the 
amount  of  boric  acid  contained. 

However,  he  does  not  consider  the  fact  that  this  small 
barium  content  (0.05  molecule  in  the  glaze)  opposes  un- 
der glaze  color  development  in  the  absence  of  BoOo,  while 
on  the  other  hand  D  4,  with  an  aluminum  oxide  content  of 
0.32  molecule,  strongly  favors  the  development  of  green 
and  red  colors.  This  property,  moreover,  is  only  lost  by 
the  introduction  of  0.2  molecule  of  lioO.-,. 

The  action  of  BaO  and  AUO;,  is  essentially  different. 
BaO  alone  hinders  under-glaze  color  development  in  every 


688  POSITION    OF    BORON    IN    THE    GLAZE    FORMULA. 

case,  even  when  its  amount  is  very  siiuill  (0.05  molecule) 
and  in  the  absence  of  B2O3.  AI2O3  on  the  contrary  injures 
the  green  and  red  colors  only  when  its  amount  is  very 
large  (see  farther  on)  and  when  at  the  same  time  enough 
B2O3  is  present,  so  that  the  sum  of  the  sesquioxides  reach- 
es or  exceeds  a  certain  amount.  Therefore  the  color-de- 
stroying properties  of  BaO  and  AI2O3  are  not  comparable. 
The  actions  of  AI2O3  and  B2O3  are  far  more  parallel. 
Each  of  the  two  oxides  injures  the  color  development  under 
the  glaze,  not  of  itself,  but  only  when  their  sum  exceeds  a 
certain  amount.  Thus  a  glaze  developed  from  D  1  as  fol- 
lows : 


0.40  PbO 
0.45  CaO 
0.15  K,0 


D  6  0.45  CaO        [        ^'H  ^^^^        |        2.80  SiO^ 


0.20  B„0, 


with  a  total  sesquioxide  content  of  0.45  molecule  (0.25 
AI2O3+O.2O  B2O3)  produces  good  red  and  green  under  the 
glaze,  while  the  glaze  D  7, 


0.45  PbO 
0.35  CaO 
0.15  K„0 
0.05  Na,0 


0.35  CaO        I      0.22  A1,0.       ,      g  ^^  ^.^ 
"  '  0.15  K,0  ,       0.30  B,0,         ^      '^•*"  '^^    - 


with  the  sum  of  the  sesquioxides  amounting  to  0.52  mole- 
cules, destroys  the  above  underglaze  colors.  liikewise  D  4 
with  a  content  of  0.32  molecule  AloO;.  develops  red  and 
green  colors  well,  even  when  the  alumina  content  is  slight- 
ly increased  and  a  little  boric  acid  added,  while  D  5,  giving 
a  sum  of  sesquioxides  of  0.527  molecule  (.327  A12O34-.200 
BoOo)  destroys  the  colors. 

From  this  it  appears  that  the  unfavorable  influence 
upon  tlie  colors  mentioned  begins  with  the  increase  in  the 
amounts  of  AUOg  and  B2O0,  and  the  maximum  is  reached 
so  soon  as  their  sum  reaches  or  exceeds  0.52  molecule.  This 
action  may  occur  when  one  of  these  two  oxides  alone  reach- 
es the  amount  of  0.52  molecule.  Unfortunately  Brick  gives 
no  example  of  this,  but  says,  confirming  this  supposition, 
"it  appears  that  a  glaze  which  is  favorable  to  the  develop- 
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ment  of  underglaze  green  and  red  colors  may,  by  the  in- 
crease of  the  additions  of  kaolin,  destroy  red  and  green 
colors  in  an  exactly  similar  burn." 

Concerning  the  similar  action  of  AUOg  and  BoOo  upon 
red  and  green  underglaze  colors,  I  expect  to  complete  the 
investigation  of  Bricks'  series  of  tests,  with  similar  bases, 
for  example,  (0.40  PbO,  0.45  CaO,  0.15  KoO).  I  will 
slowly  increase  the  AUOo  content  and  then  gradually  re- 
place the  same  by  BoOo,  in  order  to  sharply  compare  the 
working  of  these  two  -sesqiiioxides. 

E.     Test  of  Boro-silicate  Fusions  as  to  their  Acidity  or 
Basicity  by  means  of  Lead-Chromate  as  Indicator. 

Willard  L.  Bruner^-  states  that  lead  chromate  is 
adaptable  as  an  indicator  of  acidity  or  basicity  of  fusions, 
by  employing  a  quantity  equal  to  20  to  80%  of  the  melt.  It 
appears  as  coral-red  in  basic  fusions,  and  as  a  yellow  color 
in  acid  fusions.  To  verify  these  colors  I  made  the  follow- 
ing fusions  at  approximately  1000°C: 

E  1  PbO— 2.0SiO,  (Acid  to  Base  =  2:1) 

The  color  of  this  fusion  was  orange  yellow. 
E  2  PbO— 0.5SiOo  (Acid  to  Base  =  1:2) 

Color  of  the  fusion,  red. 

After  I  had  established  the  comparison  of  these  colors 
I  introduced  boric  acid  into  tlie  folloTxing  test  fusion  in 
order  to  verify  the  action : 

E  3  PbO  •  B.Os  •  SiO, 

If  one  considers  the  BoOo  as  base,  then  the  ratio  of 
acid  to  base  =  1:4.  If  BoOo  is  considered  as  acid,  the 
proportion  is  acid  :  base : :  4 : 1. 

The  color  of  the  fusion  was  intense  green. 

E  4  PbO  •  B,0,  ■  SiO, 

By  accepting  BoC,  as  acid  or  base  the  ratio  of  acid  to 
base  is  5 : 1  or  1 :  2  respectively. 

^  Trans.   Amer.   Cer.    Soc,   Vol.  XI,   p.   528. 
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The  color  of  the  fn.sioii  was  intense  green  like  E  3. 
Additional  fusions  containing  boracic  acid  appeared  the 
same. 

The  result  of  these  tests  is  that  lead  chromate  refuses 
to  act  as  indicator  in  fusions  containing  boric  acid  because 
the  boric  acid  appears  to  dissolve  the  lead  chromate  and 
to  separate  out  green  chromic-oxide.  Therefore,  nothing 
can  be  said  concerning  the  basicity  or  acidity  of  boro- 
silicate  fusions. 

F.    Production   of   Crystallized  Mutually   Isomorphous 
Silicates  of  ALO,,  VoO,,  MiioO,, 
Fe.20i,  Co.O.,  and  B.O..^-' 

In  mineralogy,  zeolites  are  detincd  as  hydrated,  gen- 
erally well  crystallized  silicates  of  aluminum  and  some 
other  oxide,  generally  calcium  and  sodium.  They  are 
nearly  all  colorless,  transparent  to  ti'anslucent,  and  ordi- 
narily glassy  Avith  pearly  surfaces  along  cleavage  lines. 
One  characteristic  property  of  the  zeolite  is  its  remarkable 
reaction  capacity  when  compared  with  other  silicates.  Its 
sodium  or  calcium  content  can  be  replaced  by  otlier  metals 
by  merely  washing  with  their  salt  solutions,  as  is  shown 
by  the  following  reaction  : 

Na,0  •  ALO.  •  2  SiO,  •  2  H,0+CaCls-^ 
(Sodium  Zeolite)  -*^-^ 

CaO  •  ALO,  •  2  SiO,  •  2  H,0+2  NaCl 
(Calcium  Zeolite) 

This  reaction  is  recurrent  when  an  excess  of  NaCl  is 
present;  for  example,  the  calcium  zeolite  above,  produced 
from  the  sodium  zeolite  by  means  of  calcium  chloride, 
may,  if  an  excess  of  the  reaction  product,  NaCl,  is  present, 
again  react  and  thus  return  to  its  original  form. 

These  natural  zeolites  can  also  be  produced  artificially 
with  the  same  crystalline  form  and  the  same  capacity  for 
exchanging  their  bases,  when  one  fuses  alumina  minerals, 

"  See    also    "Artificial    ZeoMtes,"    Spitzer    and    Singer,     Report.    German 
Cliemical   Society,   1910. 
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or  silicate  of  alumina,  or  an  aluminate  with  alkali  silicate, 
or  alkali  or  alkali-carbonate  witli  addition  of  quartz.  One 
must  so  regulate  tlie  pi'oportions  of  the  fusion  that  free 
alkali  or  alkali-carbonate  is  not  contained  in  the  molten 
mass.  After  fusion,  leach  the  molten  mass  out  with  water. 
Thus  one  can  produce  artificial  zeolites  with  changing 
silica  content,  although  the  most  easily  produced  is  by 
employment  of  4  to  6  molecules  of  alkali  silicate  for  each 
molecule  of  the  desired  zeolite.  If  the  amount  of  the  flux 
medium  exceeds  this  limit,  the  zeolite  becomes  slimy  and 
unfllterable.  If  one  goes  below  the  designed  limit,  hy- 
drated  zeolites  will  be  obtained  by  the  treatment  with 
water,  although  a  notable  increase  in  their  silica  content 
occurs;  the  amount  produced  is  reduced,  and  the  property 
of  exchanging  its  bases  diminishes  to  zero. 

The  separation  of  the  molten  product  by  means  of 
water  becomes  more  difficult  as  the  amount  of  flux-medium 
is  reduced  below  the  assigned  limits,  until  finally  the 
fusion  obtained  can  absolutely  not  be  broken  up  by  water. 
The  artificial  zeolites  obtained  by  this  leaching  process 
possess  the  general  composition 

Na.O  •  ALO3  •  in  SiO,  •   n  H„0 

and  have  a  greater  capacity  for  changing  their  alkalies 
than  is  possessed  by  the  natual  zeolites,  although  as  al- 
ready stated,  this  property  diminishes  with  increased  sil- 
ica content. 

The  crystals  obtained  were  foliated,  with  pearly  lus- 
ter, extraordinarily  thin  and  of  indefinite  horizontal  di- 
mensions; they  were,  in  general,  very  small  and  appeared 
to  be  only  fragments  of  larger  planes.  Yet  in  many  zeolite 
crystals  produced,  whose  size  exceeded  1  c.  m.  square,  it 
was  found  that  these  were  so  thin  that  they  could  not  be 
isolated  and  filtered  without  being  broken.  The  conditions 
under  which  the  large  or  the  small  crystals  are  obtained 
cannot  yet  be  stated  exactly.  In  many  cases,  large  crystals 
were  obtained  the  first  time,  while  numerous  repetitions 
of  the  same  experiment  resulted  in  producing  only  micro- 
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scopicallj  small  crystals;  the  reverse  also  occurred  under 
apparently  exactly  the  same  research  conditions. 

Many  zeolites  tend  to  decompose  from  the  action  of 
water  when  subjected  for  a  long  time  to  such  treatment  in 
a  warm  condition.  Other  zeolites  produced  in  exactl}^  the 
same  manner,  and  of  exactly  analogous  composition,  have 
been  boiled  in  water  for  weeks  without  showing  the  slight- 
est alteration.  Certain  zeolites  cannot  be  heated  at 
100°  0.  for  the  purpose  of  drying  after  the  leaching  out 
with  water,  without  baking  strongly  together.  Apparently 
a  decomposition  occurs.  Hence  tliey  must  be  washed  with 
alcohol  and,  following  that,  Avith  ether  as  a  measure  of 
precaution  to  drive  out  the  moisture  remaining. 

I  expect  to  publish  all  these  special  problems,  not  yet 
settled,  in  an  exhaustive  special  investigation  concerning 
"Artificial  Zeolites." 

The  analyses  of  these  substances  do  not  correspond 
exactl^^  with  the  theoretical  formula.  Differences  occur 
up  to  more  than  i/2%.  These  are  to  be  accounted  for,  not 
only  by  unavoidable  analytical  errors,  but  also  by  the  fact 
that  it  is  not  possible  to  free  the  substances  from  all  ad- 
hering impurities,  as  is  generally  possible  in  organic  chem- 
istry. 

The  associated  impurities  are  composed  of  the  same 
materials  and  possess  the  same  specific  gravity  as  the 
substance  sought,  and  therefore  cannot  be  separated  with- 
out additional  treatment. 

Up  to  the  present  time,  silicate  chemistry  possesses 
no  suitable  criterion  of  the  purity  of  its  substances  similar 
to  that  possessed  by  organic  chemistry  in  its  hair-line  fixed 
fusion-point  determinations  for  crystalline  bodies,  and  its 
fixed  boiling  point  determinations  for  fluid  bodies.  With 
these,  decomposition  prior  to  fusion  or  boiling  occurs  com- 
paratively seldom,  while  with  all  zeolites,  it  results  in  a 
liberation  of  water. 

For  this  reason,  the  analyses  of  the  zeolites  was  un- 
dertaken  immediatelv  after  thev  were  leached   out  with 
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water,  washed  with  alcohol  and  ether,  dried  at  100° C  and 
bolted  through  a  2500  mesh  (per  square  centimeter)  sieve. 

For  the  fusions,  the  following  materials  were  em- 
ployed :  Xa.COs,  K.COg,  B0O3,  ALOo,  V.O.^CrsO.,  MuoOg, 
FeoOg,  CO0O3  and  SiOo.  Concerning  the  employment  of 
kaolin,  I  would  explain  that  it  was  rejected  in  order  to 
work  only  with  chemically  pure  materials. 

All  raw  materials  were  obtained  from  the  factory  of 
C.  A.  F.  Kahlbaum,  in  Berlin. 

.V  fusion  having  the  composition 

F  1  7  Xa,0  ■  ALO,.  •  10  SiO, 

compounded  from 

Na„0  •  ALO3  •  4  SiO,+6  Na.SiO^ 

gave  after  leaching  out  with  water,  a  crystalline  zeolite,  of 
which  the  average  composition  was  determined.  This  com- 
position corresponds  nearly  to  the  formula : 

Na,0  •  ALO3  •  4  SiOo  •  4  H„0 

Following  are  the  actual  analysis  of  the  body  pro- 
duced and  the  theoretical  percentage  composition  of  the 
body  represented  h\  the  formula : 

Actual  Theoretical 

Xa„0     13.16  13.00 

ALO,     21.12  21.38 

Sibo     50.09  .50.54 

K„0     15.32  15.08 

99.69  100.00 

Tlie  fusion 

F  2  6  Xa,0  •  A1,0,  •  10  SiO, 

compounded  from 

Xa,0  •  A1_0,  •  5  SiO,+5  Na.SiO^ 

gave,  after  leaching,  a  zeolite  witli  very  large  crystals  of 
wliich  tlic  following  is  tlio  formula  : 

XaO  •  Al  O    •  5   SiO,  ■  5  H„0 
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Actual  Theoretical 

Na„0  11.29  11.16 

ALO,  18.43  18.37 

SiO 54.17  54.29 

H„0  16.32  16.18 

100.21      100.00 

These  two  trials  were  made  in  connection  with  about 
forty  others,  based  on  the  German  Patent  No.  186630  of 
J.  D.  Riedel,  of  Berlin,  for  the  artificial  duplication  of 
naturally  occurring  potassium  and  sodium  aluminum  zeo- 
lites. This  series  of  trials  formed  the  starting  point  of 
further  attempts  to  produce  zeolites  containing  other  bases 
than  AUOo.  This  oxide  was  gradually  replaced  in  the 
fusion  by  V2O3,  MuoO.,  FegOg,  Co^Oo  and  finally  by  B.O3, 
(CroOg  giA^es  no  zeolite).  As  a  result  of  the  leaching  of 
these  fusions,  crystallized,  mutually  isomorphous,  colored 
zeolites  were  obtained.  Part  of  these  were  far  more  diffi- 
cult to  handle  than  were  the  aluminum  zeolites,  but  never- 
theless were  capable  of  isolation  and  analysis.  They 
possessed  not  only  the  crystal  form  of  the  individual  bod- 
ies, but  also  that  important  sign  of  the  isomorph  by  which 
analogous  composition  may  be  indicated,  viz.,  the  ability 
to  form  mixed  crystals.  A  series  of  similar  crystallized 
zeolites  were  also  obtained,  in  Avliich  more  than  one  ses- 
quioxide  was  contained  in  the  RoOg,  and  this  was  shown 
in  the  changes  in  their  colors. 

These  color  changes  produced  by  the  employment  of 
other  color  oxides,  in  connection  with  AI2O3,  I  compared 
with  those  zeolites  which  have  BoOo  instead  of  ALOo  as 
their  cause,  but  othenvise  of  similar  composition. 

The  following  zeolites,  chosen  as  examples  from  a 
series  of  trials  of  far  in  excess  of  100  fusions,  ma^^  prove 
the  isomorphous  nature  of  the  different  zeolites,  including 
also  the  boron  zeolites. 

The  fusion 

F  3  7  Na,0  •  V,03  '  10  SiO, 

compounded  from 

Na.O  •  V.O.  •  4  SiO,+6  Na.SiO, 
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gave  after  the  leaching  Avith  water  an  olive-green  zeolite, 
of  which  the  following  formula  was  deduced: 

Xa,0  •  V.O,  •  4  SiO.  •  4  H„0 

Actjal  rteoretical 

Na„0     11.49  11.80 

V.O,     28.39   (Det.  by  Diff.)     28.58 

SiO 46.12  45.91 

H^O     14.00  13.71 


100.00  100.00 

The  fusion 

« 

F  4       7  Na,0— Cr.Os— 10  SiO,  (Na.O— Cr^Oa— 4  SiO,+6  Xa.SiOJ 

after  the  leaching  with  water,  yielded  no  crystals,  but 
a.  fine  green  slime  without  zeolitic  characteristics.  Ten 
other  fusions,  executed  under  e^erv  possible  means  of 
precaution  for  the  production  of  chromium-zeolites, 
yielded  likewise  negative  results.  (The  compositions 
and  properties  of  the  products  obtained  will  be  com- 
municated later.)  Chromium-oxide  thus  appears  not 
to  be  able  to  go  into  chemical  combination  with  silicic 
acid;  for  example,  Dr.  W.  Pukall  using  an  absolutely  dif- 
ferent method  also  failed  in  producing  chromium  silicate. 

The  fusion 

F  5  7  Na„0  •  Mn,0:;  •  10  SiO, 

compounded  from 

Xa,0  ■  Mn.Oj  ■  4  SiO,+6  Na^SiO; 

yielded  by  leaching  with  water  a  deep  dark  violet  zeolite, 
of  Avhich  the  following  formula  was  deduce<l : 

Na,0  ■  Mn,0,  •  4  SiO,  ■  4  HO 

Actual  Theoreiical 

Ccmposition  Composition 

^^O  11.32  11.64 

^1^,0,  29.47  29.59 

SiO,  45.79  4.5.26 

H.O  13.48  13.51 

100.06      100.00 
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The  fusion 

F  6  7  Na,0  •  FeoOj-  10  SiO, 

compounded  from 

Na„0  •  Fe.O,  •  4  SiO,+6  Na.SiOj 

yielded  by  leaching  with  water  a  bright  brown  zeolite,  of 
which  the  following  formula  was  deduced : 

Na,0  •  Pe,03  •  4  SiO,  •  4  H,0 

Actual  rheorelical 

Composition  Composition 

Na.,0     11 .  72  11 .  59 

ALO 29.70  29.84 

Sia     45.20  45.11 

K.O     13.28  13.46 

99.90  100.00 

The  fusion 

:    "■  7  7  7  Na,0  •  CO2O3  •  10  SiOj 

compounded  from 

Na,0  •  Co.Os  •  4  SiO,+6  Na.SiOj 

yielded  after  leaching  with  water  a  blue-violet  zeolite,  of 
which  the  following  formula  was  deduced: 

Na,0  •  Co„0,  -4  SiO,  •  4  H,0 

Actual  Theorectial 

Composition  Composition 

Na„0     11.50  11.46 

Co.0 29.88  30.63 

SiO/ 44.79  44.60 

H„0'    13.52  13.31 

99.69  100.00 

The  fusion 

F  8  7  Na.O  •  B„0,  •  10  SiO, 

compounded  from 

Na.O  •  B.O,  •  4  SiOo+6  NaoSlO, 

yielded  after  leaching  with  water  a   colorless  zeolite  of 
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pearly   luster,   of   which   the   following   formula   was   de- 
duced : 

Na,0  •  B,0:  •  4  SiO,  •  4  H.O 

Actual  Theoretical 

Composition  Composition 

13.93 

15.17  (Det.  by  Diff.)  15170 

54.19 

16.18 


Xa  0     

14.09 

B.,6 

15.17 

SiOo    

54.44 

HO     

16.30 

6  NaO 

B,0, 

The  fusion 

F  9 

100.00 
•  10  SiO., 

100.00 


compounded  from 

Na.O  ■  BoO.,  •  5  SiO;+5  Na,Si03 

yielded,  by  leaching  with  water,  a  colorless  zeolite,  with 
pearly  luster,  of  which  the  following  formula  was  deduced : 

Na„0  •  B.O,  •  5  SiO,  •  5  H.O 

Actual  Toeoretical 

Composition  Comp -eition 

Na.O  11 .  60  11 .  85 

bA  13.86  (Det.  by  Diff.)  13.35 

SiO,  57.42  57 .  61 

H„0"  17.12  17.19 


100.00  100.00 

In  the  foregoing  a  selection  of  crystallized,  mutually 
isomorphous  zeolites  has  been  described,  in  which  the 
AI2O3  of  the  original  zeolites  was  so  replaced  by  different 
sesquioxides  that  the  EoOo  consisted  always  of  one  oxide. 
I'he  following  description  shows  some  mixed  zeolites,  in 
which  the  RoOg  consist  of  more  than  one  sesquioxide,  and 
following  this  are  seyeral  mixed  boron-zeolites. 

The  fusion 

F  10         7  Na,0  I'l  ^^^.        I        10  gio^ 

compounded  from 

Na,0  -0.5  ALO,  -0.5  Fe.Os  •  4  SiO,-L6  Na.SiO, 
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gave,  folloAving  the  leaching  out  with  water,  a  bright  yel- 
low zeolite,  of  which  the  following  formula  was  deduced: 

Actual  Theoretical 

Composition  Composition 

Na„0  12 .  09  12 .  25 

ALO,  10.01  10.08 

Fe.0 15.89  15.77 

SiO 47.48  47.67 

H„0  14.30  14.23 

99.77      100.00 

The  fusion 
compounded  from 

Na,0  -0.5  ALO,  -0.5  Co,A  '  4  SiO,+6  Na,SiO, 

yielded,  after  the  leaching  with  water,  a  blue-violet  zeolite, 
the  color  of  which  was  distinctly  more  intense  than  that 
of  the  cobalt  zeolite  P  7.  The  formula  deduced  from  this 
zeolite  was 

^^^o  {   li  mS:  \   '  sio.  4  H,o 

Actual  Composition  Theoretical  Coa'position 

Na.O     12.02  12.18 

ALO3      )  «>«    Rfi  )      The  sum  was  deter-      /  10.02  (     SUITI 

CO.O,     ( '^^•^''  )      mined  by  ditTerence      \  16.28  )    26.30 

SiO." 47.12  47.38 

H.O    14.20  14.14 

100.00  100.00 

The  fusion 

F   12  7  Na  O        .^        ^"^  Al.,0;        1         ,q  ojq 

compounded  from 

Na,0     0.5  ALO,,  -0.5  B„0,  •  4  SiO,-f  6  Na.SlO, 
vichlcfl,  nffer  learliiuii-  with  water,  a  colorless  zeolite,  with 
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pearly   luster,   of  Avhieh   the   following  formula   was   de- 
duced : 

Na,0                           I         Jj^lgs                    I  4SiO.     4H,0 

Actual  Theoretical 

Composiiion  Composition 

Na.O     13.17  13.44 

ALO..     11.18  11.06 

Ejbs     7.37  (Det.  byDiff.)       7.-58 

SiOo     52.66  52.31 

H,0     15.62  15.61 

100.00  100.00 

The  fusion 

1       0.5  B.b,'     / 


F  13     7  Na„0         I       ^r  ^^i?'    \     H.    SiO, 


compounded  from 

Na.O  -0.5  ALO3  -0.5  B^Os  •  5  SiOo+6  Na^SiOo 

yielded,  after  the  leachino'  with  water,  a  colorless  zeolite, 
of  which  the  following  formula  was  deduced : 

Na.O      {       S  j  ^fj^        ]        5  SiO,     5  H,0 

Actual  Theoretical 

Composition  Composiiion 

Na.O     '       11.25  11.49 

ALO 9.32  9.46 

B/o/    6.21   (Det.  byDiff.)  6.48 

SiO 56.62  55 .  89 

H.O     16.60  16.68 

100.00  100.00 

The  fusion 

•=•14  7  No  o       \         *^-5  B0O3       1        ^-.      gjQ 

compounded  from 

Na.O  -0.5  B„0,  -0.5  V.Oj  •  5  SiO,+6  Na^SiO^ 

yields  by  the  leaching  with  water,  a  light  gray-green  zeo- 
lite, which,  howeyer,  on  account  of  the  extraordinary  diffi- 
culty, I  was  not  able  to  isolate. 
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The  fusion 


F 


0.5  B„0, 


15       7Na,0      {        S:^Sn:03      }       ^"^  ^*°^ 


coiiipoiiiided  from 

Na,0  -0.5  B„03  -0.5  MiioOs  '  ^  SiO„+6  Na.SiO; 

yielded,  by  leacliing  witli  water,  a  violet  zeolite,  of  which 
the  following  formula  was  deduced : 

^^=0      {      o.lmnh     \      ^^^°=    '^^° 

A^tjal  Theoretical 

Composition  Composition 

Na„0     12.46  12.67 

B,6 6.72  (Det.  byDiff.)       7.14 

Mn„b 16. 29  16.15 

SioV 49.68  49.32 

H,0"    14.85  14.72 

100.00  100.00 

The  fusion 

F  16  7  Na.O    {       J  j  ^^^        ;        10  SiO. 

compounded  from 

NaoO  -0.5  B,03  -0.5  FGoOs  •  4  SiO,+6  Na.SiO^ 

yielded,  after  leaching  in  water,  a  bright  yellow  zeolite,  of 
which  the  following  formula  has  been  deduced: 

Actual  Tlieoretical 

Composition  Composition 

Na.,0     12.52  12.66 

p.  6,     6 .  82  (Det.  by  Diff.)       7 .  l:'. 

Fe..O. 16.35  16.28 

SiO                           49.52  49.24 

H.o'    11- "^9  14.69 

100.00  100.00 

The  fusion 
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compounded  from 

Na,0  -0.5  B^Os  -0.5  CoA  •  4  SiO,+6  Na„S10, 

jielded,  after  leaching  with  water,  a  deep  darkbliie  zeolite, 
of  which  the  following  formula  has  been  deduced : 

N^^O       j        1:1  ^g)^       }       4  SiO,     4  H,0 

Actual  Theoretical 

Composition  Composition 

Na.,0     12 .  30  12 .  58 

R6,     6.71  (Det.  byDiff.)       7.09 

Co.0 17.08  16.80 

SiO 49.74  48,93 

H.O     14.17  14.60 


100.00  100.00 

All  the  above  zeolites  possess  the  characteristic  prop- 
erty of  the  sodium-aluminum  zeolites,  namely,  the  ability 
to  exchange  their  bases  (liO)  by  means  of  washing  with 
salt  solutions  of  other  mono-  and  bi-valent  metals.  From 
this  it  appears  that  the  constitution  of  the  different  zeo- 
lites must  be  the  same  because,  when  the  AI2O.3  is  replaced 
by  equivalent  amounts  of  other  sesquioxides  as  B0O3, 
V2O3,  MuoOo,  FooOg  and  CO0O3,  the  characteristic  proper- 
ties, peculiar  to  this  substance,  ai'e  not  changed  abstjlutely, 
but  only  as  to  strength. 

The  comparative  quantitaitive  investigation  of  the  ex- 
tent of  the  property  of  exchange  possessed  by  the  indivi- 
dual substances  is  in  process,  and  the  results  will  be  pub- 
lished later. 

G.     Analogous  Color  Action  of  Al.O .  and  B.O ,  in  Artifi- 
cial Crystalline  Silicates,  and  in  Glazes, 

If  the  al)ove  described  zeolites,  whose  compositions 
closely  resemble  the  following  bodies, 

F  2  Na,0  •  A1,0,  •  .5  SiO,  •  5  H,,0 

F  3         Na.O  ^  ■'-  t^^^     ^   -J   SiO,  •  5  H  O 

I  .0  B„0,.,      I 
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F  9  Na,0  •  B.O,  •  5  SiO,  •  5  H,0 

be  treated  repeatedly  w  itb  a  water  soiiitioii  of  copper  sul- 
phate, the  sodium  of  the  zeolite  will  gradually  be  com- 
pletely replaced. 

For  example,  on  treating  the  zeolite  F  2  with  cupric 
sulphate : 

F  18 
Na„0  •  4LO3  •  5  SiOs  •  5  H.O+CuSOi=CuO  •  ALO.,  •  5  SiO„5  HoO+Na„SO, 

The  analysis  of  this  new  zeolite  gave  on  calculation 
the  following  fomula : 

CuO  •  ALO3  •  5  SiO,  •  5  H,0 

Actual  Theoretical 

Co    position  Composition 

CuO    13.70  13.87 

AI2O 17.67  17.81 

SiOj    52.54  52.62 

H2O     15.83  15.70 

99.74  100.00 

In  a  similar  way,  the  zeolite  F  13  yields  a  copper 
zeolite : 

F  19        CuO      {        J-J  ^;5^=        }       5  SiO.      5  H,0 

Actual  Theoretical 

Compcsiiion  Compositien 

CuO     14.12  14.27 

AloOa     9.03  9.16 

B.A     5.98  (Det.  byDiff.)       6.27 

SiOo     54.79  54.14 

H^O"    16.08  16.16 

100.00  100.00 

Similarly  a  third  copper  zeolite  was  made  from  F  9, 
with  the  following  results: 

F  20  CuO  •  B,03  •  5  SiOe  •  5  H,0 

Actuil  Theoreiical 

Composition  Composition 

CuO     14.59  14.70 

B..0 12.60  (Det.  byDiff.)     12.92 

Siol     56.28  55.75 

H„0"    16.53  16.63 

100.00  100.00 
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These  three  copper  zeolites,  F  18,  F  19  and  F  20, 
possess  throughout  a  characteristic  bright  green  color, 
apparently  caused  by  their  peculiar  constitution. 

One  assumes  in  these  that  the  chemical  union  of  the 
RO  bases  is  not  to  the  silicic  acid  but  to  the  sesquioxides, 
(R2O3),  as  indicated  in  the  following  structural  formula: 

.0 ai—ojf 


CuO 


I     yOJf 

^-0 ai—OJf 

In  this  aluminate-union,  the  copper  oxide  produces 
another  color  action  than  in  the  silicate-union.  In  the 
''Pukall-'  copper  silicate,  CuO  •  SiOs  *  HoO,  in  which  the 
copper  oxide  undoubtedly  is  directly  united  to  the  silicic 
acid,  the  color  is  pronouncedly  bright  blue.  The  fact  is 
significant  that  in  the  three  preceding  copper-zeolites,  the 
change  of  the  bright-blue  color  of  the  sesquioxide-free  cop- 
per zeolite  to  the  bright  green  color  of  tiie  copper  zeolite 
containing  sesquioxide,  occurs  in  a  similar  manner.  What- 
ever the  true  constitution  of  the  zeolites  may  be,  it  is 
alwa^^s  to  be  supposed  that  the  chemical  union  of  the  al- 
uminum oxides  and  the  boron-trioxide  is  alike,  and  that 
these  substances,  as  is  always  the  case  with  isomorphous 
compounds,  can  replace  one  another  without  ]3roducing 
other  important  changes  tlian  corresponds  with  their  dif- 
ference of  molecular  weight. 

An  analogous  change  of  color  from  blue  to  green  by 
introduction  of  AloO.,  or  BoOg  respectively,  (both  sesqui- 
oxides in  copper  silicates),  was  described  in  the  O  series, 
where  the  turquoise-blue  glazes : 

f       0.64  'Na„0         ) 
CI       \        0.27  Pbb  \       3.00  SiO. 

(        0.09  CuO  ) 
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and 

i        0.64  Na„0         ) 
C  6       *       0.27  ZnO  I       3.00  SiO, 

/       0.09  CuO  ) 

Avere  changed  to  dirty  green  by  the  introduction  of  AI2O3 
or  B2O3. 

The  chemical  union  of  the  color  determining  oxides, 
CuO,  ALOs  and  B^Os  appear  therefore  to  he,  in  copper- 
hlue  glazes,  analogous  to  the  zeolites.  This  is  borne  out 
also  in  the  following  example: 

If  one  considers  the  above  described  zeolites,  the  com- 
positions of  which  closely  correspond  to  the  following 
formula : 

F  7  Na„0  •  CO0O3  •  4  SiO,  •  4  H,0 

F11  Na.O       I         :^^^       \       4.   SiO.     4H.0 

F  17  Na.O  {        i  ^^%         S        4.   SiO.     4  H.O 

and  determines  their  colors,  one  finds  that  F  7  having  the 
greatest  cobalt  content  is  the  lightest  blue,  that  F  11  con- 
taining only  half  so  much  cobalt  is  stronger  and  brighter 
violet  colored,  while  F  17  possesses  a  yet  much  deeper 
darker  color.  This  is  the  same  peculiar  effect  that  the 
action  of  AI2O3  and  BoO;.  had  upon  the  cobalt  blue  glaze, 

s  ^        S    '.3  Pb(?        I  -^^^  ^■^^''^^  ^  ^'^' 

which  I  have  described  above.  Also  here,  the  color  action 
of  the  boron-trioxides  is  similar  to  that  of  the  aluminum 
oxides,  and  here  also  the  boron  is  stronger.  The  color 
changes  are  decidedly  more  pronounced  in  the  zeolites 
than  in  the  cobalt-blue  glazes,  since  one  is  working  with 
more  or  less  well-defined  substances  in  the  zeolites,  while 
the  glazes  are  solid  solutions  whose  chemical  interpreta- 
tion is  much  more  difficult.  In  any  event,  here  again  a 
certain  analogy  between  the  composition  of  zeolites  and 
glazes  is  estahlishrd.  Fpon  this  I  base  my  manner  of 
writing  the  cobalt-oxide  in  glazes  as  O02O3,  which  is  unus- 
ual, although  in  zeolites  it  is  clearly  established  witliout 
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further  Tese^rch,  upon  the  basis  of  the  isomorphous  form. 
This  analogij  also  justifies  the  conclusloii  that  AloOo  and 
BzOs  tvork  in  the  same  manner  in  glazes  as  in  zeolites,  and 
that  therefore  these  two  suhstances  in  the  glaze  formula 
are  to  he  placed  together  in  the  sesquioxide  column. 

Summary. 

(A)  The  substitution  of  an  equivalent  amount  of 
B2O.0  for  AloOg  in  matt  glazes  does  not  change  the  charac- 
ter of  the  glaze,  but  merely  reduces  the  melting  point. 
AloOg  and  BoO;-  work  so  far  in  a  similar  manner,  and  as  a 
result  it  seems  settled  that  in  the  matt-glaze  formula, 
BaO.-j  is  not  to  be  placed  in  the  silica  column  but  in  the  ses- 
quioxide  or  R2O3  column. 

(B)  The  color  of  cobalt-blue  glazes  is  intensified 
through  the  replacement  of  half  the  CO2O3  by  AI0O3.  The 
same  result  is  obtained  by  B2O3  as  by  AI2O3,  but  with  even 
more  intensity.  The  color  influence  of  AUOo  and  B2O0  on 
cobalt  glazes  is  the  same  in  principle,  but  differs  in  that 
B2O3  works  more  powerfulh'  than  AI2O3. 

(C)  Both  AI2O3  and  B2O3  change  the  turquoise-blue 
color  of  copper  glazes,  in  the  same  manner,  to  a  dirty 
greenish  blue.  The  intensity  of  their  influence  is  different, 
in  that  B2O3  acts  with  about  double  the  strength  of  AUOg. 
The  same  i)henomenon  is  noted  here  as  in  the  operation  of 
AI0O3  and  BoOo  in  cobalt  glazes,  in  that  the  color  change 
was  more  intense  through  employment  of  B2O3  than 
through  AloO.. 

(D)  An  excess  of  AI2O3  and  B2O3  acts  disadvan- 
tageously  upon  red  and  green  under  glaze  colors.  This 
influence  on  colors  is,  however,  not  proportional  with  the 
amount  of  AI2O3  or  B2O3  when  present  in  small  quanti- 
ties, but  only  appears  when  their  sum  reaches  or  exceeds 
approximately  0.52  R2O3. 

(E)  The  acidity  or  basicity  of  boro-silicates  can  not 
be  proved  by  means  of  lead  chromate  as  an  indicator,  be- 
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cause  the  latter  is  apparently  decomposed  by  boric  acid,  so 
that  the  green  chromic  oxide  separates  out. 

(F)  If  one  melts  aluminum  minerals,  aluminum  sil- 
icates or  aluminates  with  alkali  silicate  or  with  alkali  car- 
bonates with  addition  of  quartz,  and  so  regulates  the  pro- 
portions of  the  mixture  that  free  alkali  or  alkali  carbonate 
is  not  contained  in  the  molten  product,  and  leaches  out 
with  water,  then  one  obtains  aluminum  zeolites  in  crystal- 
line form.  Similar  isomorphous  zeolites  are  obtained 
when  the  AUOg  is  molecularly  replaced  by  BoOg,  VoOg, 
MuoOg,  FesOo  and  COoOo.  Attempts  to  produce  CroOg 
zeolites  have  failed.  These  boron,  vanadium,  manganese, 
iron  and  cobalt  zeolites  are  mutually  isomorphous,  and 
possess  the  characteristic  property  of  isomorphous  bodies 
in  forming  mixed  crystals.  All  possess  the  peculiarity  of 
being  able  to  exchange  their  bases,  RO,  by  means  of  wash- 
ing with  salt  solutions  of  mono-  or  bi-valent  metals.  By 
this  it  is  shown  that  the  constitution  of  all  these  different 
substances  are  analogous. 

(G)  The  copper-alumina te  and  copper-borate  zeo- 
lites possess  the  same  bright  green  color,  while  the  sesqui- 
oxide-free  "Pukall"  copper-silicate  is  bright  blue. 

In  the  first  two  cases  I  claim  an  aluminate  and  borate 
combination  with  copper-oxide  has  taken  place,  while  in 
the  latter  case  a  silicate-combination  exists.  A  parallel 
color  change  from  blue  to  green  through  introduction  of 
AI2O3  or  B2O0  or  both  into  copper  silicate  is  illustrated  in 
section  C,  when  the  turquoise  blue  glaze  becomes  dirty 
green.  The  chemical  combination  of  OuO,  AloO,;  and  BoO., 
appears  to  be  the  same  in  the  co])per  blue  glazes  as  in  the 
zeolites.  Through  replacement  of  one-half  the  molecules 
of  the  CO2O0  in  cobalt  zeolite,  by  equivalent  amounts  of 
AloOo  or  B2O0,  the  color  becomes  distinctly  more  intense. 
B2O3  acts  the  same,  in  principle,  as  A1._,0.;,  but  moi-e  inten- 
sively. This  is  the  same  characteristic  appearance  as  to 
the  influence  of  AI2O3  and  B2O3,  as  was  noted  with  the 
two  substances  work  in  glazes  in  a  similar  manner,  and 
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cobalt  blue  glaze.  The  color  influence  upon  the  zeolites  is 
decidedly  more  pronounced  in  amount,  though  not  differ- 
ent in  kind. 

Also,  here  a  certain  analogy  between  the  constitution 
of  zeolites  and  glazes  is  established.  This  analogy,  in  con- 
nection Avith  all  the  above  described  corresponding  proper- 
ties of  AI2O3  and  B2O3,  justifies  the  conclusion  that  these 
two  substances  work  in  glazes  in  a  similar  manner,  and 
hence  these  two  sesquioxides  belong  in  the  same  column 
in  the  glaze  formula. 

The  question  whether  AUOg  and  B2O5  in  glasses  and 
glazes  work,  in  like  manner,  as  bases  or  as  acids,  I  leave 
open. 

DISCUSSION. 

Mr.  StiiU : — In  his  comparison  of  AI2O3  and  B2O3  in 
matt  glazes.  Dr.  Singer  starts  with  a  glaze  having  a  total 
oxygen  ratio  of  one  to  two.  Is  this  not  considered  the  best 
ratio  for  brilliant  glazes?  Then  would  not  this  glaze  be 
matt  from  immaturity  and  in  the  strict  sense  not  a  true 
matt? 

Starting  with  such  a  glaze  and  running  a  series  by 
replacement  of  AI2O3  by  B2O3  and  reducing  the  tempera- 
ture of  firing,  the  glazes  containing  B2O3  are  still  matt 
from  immaturity.  Although  I  agree  that  B2O3  ma}^  func- 
tion similar  to  AI2O3  in  some  cases,  I  dispute  that  its  in- 
fluence upon  color  is  the  same  as  that  of  AUOo. 

In  a  discussion  of  the  possible  colors  obtainable  from 
the  different  oxides,  the  question  was  raised  as  to  whether 
it  were  possible  to  obtain  a  pink  color  from  cobalt  since  we 
have  pink  cobalt  salts.  In  searching  for  clues  in  an  en- 
deavor to  produce  a  cobalt  pink  color,  we  find  in  blowpipe 
analysis  that  magnesia  and  magnesia  minerals,  when  pow- 
dered and  treated  with  a  solution  of  cobalt  nitrate  and 
heated,  will  produce  a  pink  color.  Alumina  and  alumina 
minerals,  when  similarly  treated,  produce  blue. 

Accordingly  two  glazes  were  made  free  from  alumina. 
One  was  made  up  of  alkalies,  magnesia  and  silica  and  soft- 
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ened  with  B.X)..  The  other  glaze  coutained  no  BoOo,  but 
was  softened  by  replacing  part  of  the  MgO  by  PbO.  The 
cobalt  was  precipitated  from  the  nitrate  and  added  to  the 
glazes  in  hydroxide  form. 

Wall  tile  were  dipped  in  these  glazes  and  fired  to 
cone  02.  The  glaze  containing  lead  and  no  boric  oxide  was 
a  deep  blue— a  little  on  the  slate  blue  order — while  the 
glaze  containing  boric  oxide  and  no  lead  was  a  deep  pink, 
or  rather  a  lavender  in  color.  Although  the  glazes  were 
not  perfectly  fused  they  were  highly  vitrified  and  glossed. 
It  is  probable  that  if  they  had  been  well  fused,  enough 
alumina  might  have  been  taken  up  from  the  body  to  de- 
velop the  blue  color. 

This  is  evidence  that  cobalt  in  the  presence  of  lead 
will  produce  a  blue  color.  In  all  of  Dr.  Singer's  glazes 
in  the  cobalt  series,  lead  is  present,  hence  the  blue  color 
would  be  developed  irrespective  of  the  presence  of  boric 
oxide. 

Mr.  Purely :  Dr.  Singer's  paper  may  be  divided  into 
two  parts.  The  first  part  is  an  empiric  study  of  the  rela- 
tive influence  and  effect  of  BoOo  and  AloO.  in  glazes  and 
on  colors.  The  second  part  is  a  scientific  study  of  the  dis- 
placement of  AUOo  by  B2O0  in  zeolites.  Both  of  these 
parts  are  admirably  handled.  I  wish  to  congratulate  him 
upon  the  character  of  work  he  did  on  the  zeolites. 

We  have  in  this  paper  an  excellent  contrast  between 
empiric  and  scientific  A\'ork.  The  former  is  the  kind  we 
are  used  to  reading  in  our  Transactions.  That  sort  of 
work  has  a  very  decided  value,  but  the  evidence  obtained 
is  most  largely  circumstantial  evidence,  while  the  evidence 
obtained  in  scientific  work,  such  as  Dr.  Singer  has  given 
us  on  zeolites,  is  positive  evidence.  I  Avish  to  discuss  at 
this  time  only  the  first  part  of  his  paper,  i.  e.,  the  empiric 
study  with  glazes  and  colors. 

The  work  done  with  glazes  and  colors  does  not  warrant 
positive  statements  regarding  the  chemical  nature  or  be- 
havior of  BoOo.     In  fact,  all   of  this  is  admitted  by  Dr. 
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Singer.  His  trials  were  glazes  so  compounded  as  to  show 
the  comparative  influence  of  alumina  and  boracic  acid. 
He  also  made  color  studies.  The  evidence  he  obtained  is 
only  indicative  of  similarity  in  action  of  A]20o  and  BoO:^, 
but  can  give  no  positive  conclusions  as  to  the  chemical  role 
of  BoOg  as  compared  with  AI2O0. 

Alumina  will  overcome  crazing,  while  the  preponder- 
ance of  evidence  is  that  BoOo  is  quite  neutral  in  this  re- 
spect. Under  some  conditions,  BoOo  will  overcome  craz- 
ing and  in  others  it  will  provoke  crazing.  It  depends  upon 
the  peculiar  proportion  of  ingredients  in  the  mix  which 
results  in  the  formation  of  certain  compounds.  I  do  not 
understand  the  situation  because  I  have  not  had  oppor- 
tunity to  learn  wlmt  these  compounds  are,  and  probably 
would  not  realize  the  significance  of  such  information  even 
if  I  had  it.  All  tliat  I  am  able  to  say  now  is  that  when 
BoOo  is  present  in  large  amounts,  in  one  class  of  glazes 
we  get  crazing;  while  in  another  class  we  would  have  craz- 
ing counteracted. 

Dr.  Singer  has  made  several  conclusions,  based  upon 
the  supposition  that  both  alumina  and  BoO.,  produce  craz- 
ing, and,  in  fact,  he  quotes  Fox  and  myself  to  that  effect. 
The  empirical  data  reported  by  Fox  and  myself  indicated 
that  alumina  would  overcome  crazing,  while  boracic  acid 
would  provoke  crazing.  The  claim  made  hj  us  for  similar- 
ity and  behavior  of  BoOg  and  AI0O3  in  fritted  glazes,  was 
in  reference  to  de-vitrification  only.  I  think  Dr.  Singer's 
argument  for  the  identical  role  of  AUOg  and  B2O3  would 
have  been  stronger  if  he  had  not  cited  the  work  of  Fox  and 
myself. 

Prof.  Orton  : — Dr.  Singer  in  his  article  has  referred  to 
a  certain  curve  published  by  myself  on  page  578,  Volume 
X,  Transactions  American  Ceramic  Society,  as  to  the  oxy- 
gen ratio  of  matt  glazes.  The  lettering  on  this  curve  alone 
might  lead  one  to  think,  as  Dr.  Singer  evidently  does,  that 
I  intended  to  claim  the  curve  as  of  general  application  to 
the  whole  group  of  matt  glazes.  The  context  of  the  printed 
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matter  immediately  preceding  and  immediately  following 
the  curve  shows  very  clearly  that  this  was  not  my  inten- 
tion. For  instance,  on  page  577,  it  is  stated  "This  data 
emj)hasizes  the  facts  already  brought  out  and  enables  us 
to  say  with  confidence,  that  for  this  ratio,  and  others  of 
vsimilar  nature  and  belonging  to  this  class,  the  oxygen 
ratios  and  temperatures  which  will  produce  matt  textures 
are  mutually  dependent.  *  *  *  *  "  (The  italics  were  in  the 
original).  And  later  "(1)  That  matt  glazes  of  good  tex- 
ture and  ornamental  appearance  may  be  produced  at  tem- 
peratures ranging  from  cone  2  to  cone  11,  and  probably 
at  a  still  lower  and  still  higher  temperature,  within  the 
following  ranges  of  composition:"  Following  which  are 
the  KO  elements  to  which  this  statement  applies.  And 
lastly  the  concluding  paragraph  of  my  x^aper  says  "It  is 
hoped  that  further  work  on  this  line  by  others  may  serve 
to  extend  the  range  of  compositions  to  which  these  princi- 
ples are  known  to  apply."  *  *  *  * 

These  quotations  show  that  at  the  time  of  writing  I 
had  no  idea  of  laying  down  a  general  rule  of  basicity  for 
matt  glazes,  and  in  fact  that  I  took  pains  to  guard  myself 
against  the  very  interpretation  which  Dr.  Singer  has  ap- 
plied to  my  work.  Even  if  T  had  had  such  a  notion,  evi- 
dence is  not  lacking  to  overthrow  it. 

T  wish  to  place  on  record  my  great  appreciation  of 
Dr.  Singer's  paper  as  a  whole,  and  especially  that  portion 
dealing  Avith  the  role  played  by  BoO..;  in  zeolites,  which 
seems  to  me  a  beautiful  proof  that  in  this  class  of  bodies 
B0O3  does  operate  in  the  same  way  as  AloO:^,  whatever 
that  may  be.  On  the  question  of  whether  either  is  acting 
as  an  acid  or  a  base.  Dr.  Seger  very  properly  guards  him- 
self from  taking  sides. 


NOTES    ON    THE    MANUFACTURE    OF    ENAMEL 

BRICK  WITH  SOME  INVESTIGATIONS  ON 

ENAMEL  BRICK  SLIPS. 

BY 

R.  T.  Stull,  Urbana,  111. 

Aside  from  the  contribution  hj  Barriuger  in  Volume 
V  of  our  Transactions,  very  little  literature  can  be  found 
of  material  assistance  to  the  j^rospective  manufacturer  of 
enamel  brick. 

Although  the  fundamental  principles  of  ceramics 
apply  to  the  manufacture  of  enamel  brick,  they  have  not 
been  clearly  pointed  out  in  this  line  of  business;  besides, 
there  are  problems  peculiar  to  the  trade  which  need  more 
thorough  investigation, 

Tlie  majority  of  men  in  America,  who  are  in  charge  of 
the  manufacturing  end,  are  of  foreign  birth.  They  have 
])rought  their  experiences  and  recipes  with  them,  and 
have  gone  through  the  painful  exjjeriences  of  applying 
them  to  our  conditions.  This  has  been  largely  responsible 
for  the  prevailing  belief  that  "we  must  go  abroad  to  get 
clays  for  our  slips."*  If  all  Europe  should  pass  stringent 
laws  prohibiting  the  exportation  of  her  clays,  it  is  not 
probable  that  the  American  wJiite  ware  potters  and 
enamel  brick  makers  would  go  out  of  business,  nor  make 
any  great  sacrifices  in  the  quality  of  their  products. 

Clays  suitable  for  enamel  brick  bodies  should  possess 
low  shrinkages,  good  bond,  be  free  from  warping  and 
cracking,  stand  up  well  at  cone  4  or  higher,  and  burn  to  a 
light  color  comimratively  free  from  iron  spots. 

Tlie  plastic  fireclays  are  well  suited  to  this  purpose. 
It  is  quite  essential,  however,  to  reduce  their  shrinkages 
by  the  addition  of  flint  clay  or  grog.  The  majority  of  body 
mixes  vary  from  60  to  80  plastic  and  40  to  20  non-plastic 

*  Instead  of  "engotae"   the  writer  prefers  to  use  the  word   "slip"  because 
it  is  the  term  universally  understood  by  enamel  brick  makers. 
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parts.  Some  clays  will  carry  a  small  percent  of  sand 
without  material  injury.  One  mixture  which  has  been  in 
use  for  several  years  is  composed  of  70  parts  plastic  clay, 
20  parts  grog,  and  10  parts  crushed  sand  stone. 

METHODS  OF  MANUFACTURE. 

In  general,  two  different  processes  of  manufacture  are 
recognized,  viz.,  one  fire  and  two  fire.  In  both  one  and 
two  fire  ware,  the  methods  of  applying  the  veneer  are 
practically  the  same,  the  distinguishing  feature  being 
that,  in  the  two  fire  process,  the  brick  are  first  biscuited 
at  a  low  temperature  before  the  veneer  is  applied.  Quite 
recently  mechanical  appliances  have  been  introduced 
which  promise  to  make  some  radical  changes  in  the  manu- 
facture of  enamel  brick.  .For  the  present  work,  the  meth- 
ods of  manufacture  will  be  divided  into  two  general 
groups,  according  to  the  methods  of  application  of  the 
veneer. 

I.     Hand  Dipping  Process. 

(a)  Single  Fire: 

1.  Dipping  Stiff  Mud  Brick, 

2.  Dipping  Leather  Hard  Brick, 

3.  Dipping  Bone  Dry  Brick. 

(b)  Two  Fire: 

1.     Dipping  l^iscuited  Brick. 
II.     Mechanical  Veneering  Process, 
(a)      Single  Fire: 

1.     Veneering  Stiff  Mud  Column  and  Wire 
Cutting. 

A  favorite  method  of  making  enamel  brick  in  Europe 
is  by  dipping  a  stiff-mud  wire-cut  brick.  The  face  of  a 
first  quality  enamel  brick  must  be  as  near  perfect  as  it  is 
possible  to  make  it.  Since  the  brick  are  not  repressed, 
the  die  is  watched  with  the  greatest  care,  and  frequently 
lined  up  to  normal  size  in  order  to  take  up  the  wear. 

It  is  important  that  the  brick  be  cut  straiglit.  A 
method  in  voane  is  to  cut  the  coluiiku  into  blocks  which 
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are  dipped,  and  after  the  slip  has  hardened  sufficiently,  the 
blocks  are  "squared"  on  a  hand  cutting  table.  This  is 
also  an  effective  way  of  i-emoving  the  excess  slip  on  the 
sides. 

Although  this  method  has  not  been  exploited  to  any 
extent  in  America,  it  has  many  advantages  well  worth 
investigating:  1.  Repressing  and  consequent  tiaking  of 
the  slip  due  to  oil  on  the  surface  are  avoided.  2.  There 
is  a  better  bond  between  slip  and  body  since  the  two 
shrink  together  in  drying.  3.  The  necessity  of  storing 
ihe  brick  until  they  reach  leather  hard  consistency  is  eli- 
minated. 

In  the  leather  hard  method,  the  brick  are  allowed  to 
harden  by  partial  drying  until  nearly  all  drying  shrinkage 
has  ceased  before  they  are  dipped.  The  brick  may  be 
formed  on  a  soft-mud  machine,  or  ''slush''  molded  by  hand 
in  wooden  molds,  hardened  down  to  a  stift'-mud  consistency 
and  re-pressed,  or,  more  commonly,  made  stiff  mud  on  a 
plunger  or  auger  machine,  wire  cut,  and  re-pressed.  OAving 
to  the  variation  in  size  and  shape,  the  soft-mud  machine 
method  is  to  be  recommended  only  where  two  grades  of 
brick  are  to  be  made.  By  sorting  the  brick  as  they  come 
from  the  repress,  those  which  are  true  in  form  and  size 
can  be  used  for  enameling  and  the  remainder  burned  for 
builders. 

The  process  of  slush  molding  and  repressing  by  hand 
is  very  similar  to  that  for  hand  made  fir^'  brick,  except 
tliat  more  care  is  taken  in  filling  and  dumping  the  molds 
and  greater  care  exercised  in  repressing. 

The  advantages  in  repressing  are  that  tlie  brick  can 
be  "squared  up,''  panelled  and  the  firm's  name  stami^ed 
on  the  side.  With  the  stiff-mud  In-ick  not  subjected  to 
the  repress,  the  brick  can  ])e  judiciously  cored  and  the 
lettering  stamped  on  the  l)ack  side  of  tlic  column  by  a 
roller. 

A  few  plants  are  glazing  bone  dry  brick.  Althouglv 
sold   as  enamel  brick  in   some  cases,  they  are  in   reality 
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nothing"  more  than  glazed  brick,  and  shonkl  be  classed  as 
such. 

To  the  writer's  knowledge,  there  is  not  a  plant  at  the 
present  time  siiccessfnlly  making  a  white  enamel  brick 
bv  dipping  a  bone  dry  body  in  slip  and  gla/e.  It  is  d(mbt- 
ful  whether  this  method  will  ever  be  a  success  owing  to 
difficulties  encountered  in  cracking  and  flaking  of  the  slip. 

In  the  two  fire  process  the  brick  may  be  made  soft- 
mud  repress,  stiff-mud  wire-cut,  stift'-mud  repress  or  dry- 
press  process.  The  brick  are  first  biscuited  at  lieats  rang- 
ing froiu  cone  OS  to  cone  01,  then  dipped  in  slip  and  glaze 
and  given  the  glost  fire  at  cones  3  to  9.  A  few  plants  }nak- 
ing  dry  pressed  front  bricl-:  from  fire  clays  are  enamelling 
their  culls,  which  are  too  soft  for  the  market  or  off  in 
color  but  othei-wise  having  true  faces. 

Methods  of  Dipping'. 

In  some  cases  the  l)i-ick  are  given  one  dip  in  the  slip 
and  one  in  the  glaze,  but  in  most  cases  the  brick  are  given 
two  dips  in  tiie  sli])  au<T  one  in  rhe  glaze.  A  factory  Avhich 
lias  been  brought  to  the  writer's  notice  sprays  on  the  first 
coat  and  dips  the  second  one.  Two  slips  of  different  com- 
position are  sometimes  employed,  the  first  dip  being  made 
in  a  slip  comparatively  high  in  ball  clay  and  correspond- 
ingly low  in  China  clay  or  kaolin.  Over  this  a  second  coat 
is  ai)plied  composed  of  materials  giving  a  much  whiter 
surface. 

'i'lie  thickness  of  the  slip  is  an  important  factor.  It 
is  essential  that  it  be  applied  thick  enough  in  order  to 
form  a  smooth  coating  and  to  hide  the  character  of  the 
body  underneath.  In  the  Uvn  fire  process  tlie  brick  may 
be  porous  enough  to  take  on  a  sufficient  coating  in  one 
dip,  but  for  stitf-mud  and  leather-hard  bodies,  one  dip  is 
seldom  sufficient,  except  in  cases  where  a  more  or  less 
opaque  glaze  is  applied  ov(t.  The  pro]>er  lliickm^ss  of  the 
slip  under  oi'dinary  conditions  is  from  tJii'ee-hundredrhs 
to  five-liundi'cdths  of  an  incli.     WIkm'c  tln'  slijt  is  thin,  the 
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differences  in  shrinkage  and  expansion  of  body  and  slip 
are  balanced  by  the  elasticity  of  the  slip,  thus  preventing 
rupture.  If  the  coating  of  slip  is  too  thick,  its  shrinkage 
and  expansive  forces  may  cause  cracking,  crazing  or 
flaking. 

The  glaze  applied  over  the  slip  should  be  quite  viscous 
so  as  to  prevent  excessive  flow  and  beading  along  the 
edges,  and  to  overcome  the  absorption  of  the  glaze  by  the 
slip  and  the  consequent  vitrifying  of  the  slip  which  would 
cause  tlie  dark  color  of  the  body  to  show  through. 

Defects  Appearing  After  Dipping. 

The  principal  defects  whicli  appear  after  dii^ping  be- 
fore the  brick  enter  the  kiln  are: 

1.  Pinholes. 

2.  Flaking. 

3.  Cracking. 

Pinholes  may  occur  from  four  causes:  1.  LTsiug  a 
freshly  made  slip.  2.  Pinlioles  or  cavities  in  the  surface 
of  the  brick.  3.  Dust  on  the  face  to  be  dipped.  4.  Bad 
(lipping. 

The  writer  has  seen  pinholes  appear  repeatedly  by 
dipping  brick  in  a  freshly  made  slip.  After  ageing  the 
slip  for  a  short  time,  pinholes  from  this  cause  disappeared. 
A  week's  ageing  of  the  slip  is  usually  sufficient. 

After  dipping,  the  pinholes  do  not  appear  until  the 
'Svater  gloss"  of  the  surface  begins  to  disappear.  Bubldes 
which  appear  on  the  surface  break,  leaving  small  cavities 
in  the  surface. 

2.  Air  is  entrapped  in  small  cavities  or  pores  in  the 
dipped  surface.  As  the  water  in  the  slip  is  absorbed  by 
the  brick,  the  air  in  these  small  cavities  is  forced  out, 
I)assing  up  through  the  slip,  thus  causing  pinholes. 

3.  In  dipping  a  dusty  surface,  air  is  entrapped  in 
films  around  the  dust  particles  and  in  cavities  between 


7i.5  ON    Hi  J   HANUr  ACTUlTr^  07    .  .  ■•  K. 

them.  As  the  water  in  the  .slip  slo-.vij  creeps. over  tlie 
surface  of  these  particles,  tlie  air  if;  leleiifieil  end  ri^-e-;  to 
the  surface. 

In  order  to  overcome  pinholen  lau.-ed  by  duh-t  o;- 
ir-inute  cavities  in  the  surface,  brii  I:  makers  resort  to 
•'scrubbiDg;-'  i.  e.,  the  siirfaies  to  be  e::aiiieled  are  l)rusi:e:l 
over  with  a  stiif  brush  dipped  in  water,  or  more  comjar):ily, 
in  a  slip  diluted  witli  v,ater.  Other  recipes  which  have 
been  in  use  are:  water,  slij)  and  glue;  water,  sHp  and 
iiiolasi?es;  water,  fire  clay  and  white  slip. 

4.     Air  may  be  entrapped  by  bail  dippini^;.     Th:^  ■ 
curs  if  a  flat  surface  of  the  brick  meets  the  surfjKC  t)f  tlie 
slip  when  first  immerse;!. 

A  good  method  of  di])]!ii)g  is  to  ];oirl  ti>e  back  of  the 
brick  in  the  ])alm  of  the  h.and  with  fac(^  to  be  dipped,  dovrn. 
By  allowiug  one  edge  of  the  brick  to  iirst  meet  the  surface 
of  the  slip  as  in  position  1,  the  slip  is  u'ashed  across  tlic 
face  by  a  rocking  motion  through  2  to  3.  Thei  bv  the 
leverse  motion  (without  removing  the  brick  from  tl-e  slip), 
the  lu-ick  is  passed  back  through  4  to  5.  The  end  of  the 
';ri(  k  farthest  from  the  operator  is  then  raised  as  in  posi- 
tion 6,  which  allows  the  excess  slip  to  run  down  tlie  edge 
and  leave  at  the  corner  as  it  is  raised  from  the  slip.  T^c 
brick  is  then  ([uickly  inverted  and  slid  onto  a  bench. 

The  dipping  should  Ise  done  by  an  easy  swinging  mo- 
lion  to  and  fro  without  a  halt  in  the  operation.  The  tiiise 
required  for  a  single  dip  is  from  three  to  six  seconds,  ami 
a  careful  (li]»per  can  jserform  the  operation  alternately 
right  auil  left  handed,  getting  very  litth^  slii)  over  tl'e 
Cflaes. 
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Fhikiii<A  or  slielling  of  the  slip  i.s  due  to  luck  of  bond. 
It  niiiY  occur  soon  after  dipping  or  may  not  appear  until 
the  brick  are  sul)jected  to  the  fire.  Lack  of  l)ond  may  l»e 
caused  by  oil  or  dust  on  tlie  surface,  or  by  unequal  shi'ink- 
age  of  slip  and  body.  It  is  most  frequently  caused  by  too 
low  shrinkage  of  the  slip,  but  in  some  cases  it  is  caused 
by  too  Idgli  shrinkage  of  the  slip.  In  the  latter  case  crac]-:- 
ing  and  flaking  will  appeal-  on  the  same  surface. 

Scrubbing  the  surface  before  dipping  not  oid}-  pre- 
vents pinholes,  but  also  assists  adhesion  by  removing  dust 
and  oil  which  may  cause  an  otherwise  good  slip  to  flake. 

f^lips  too  low  in  plastic  clay,  or  slips  too  high  in  kaolin 
or  China  clay  which  are  short  or  weak  in  character  will 
cause  fl.aking.  Where  flaking  is  due  to  low  shrinkage,  tlu- 
remedy  is  to  increase  the  percent  of  plastic  clay  and  do- 
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Ci'ease  the  non-plastic  portion.  ^Vliere  craekinii;  and  flak- 
ing occur,  reduce  the  percent  of  cla>  and  substitute  part 
ball  clay  for  China  clay  or  kaolin. 

The  tendencies  of  ball  clay  nre  to  increase  shrinkage, 
impart  greater  adhesive  power  and  render  the  sli])  more 
yielding  or  ductile  by  ^vhich  it  adjusts  itself  better  to  the 
brick,  thus  preventing  rupture. 

Some  English  recipes  for  slips  require  plaster  of  paris 
to  overcome  flaking.  It  is  necessary  in  such  cases  to  exer- 
cise care  in  burning,  besides,  the  cause  of  rough,  blistered 
and  scummed  glazes  can  frequently  be  traced  to  plaster  in 
the  slip.  The  use  of  plaster  to  prevent  flaking  is  unneces- 
sary, since  good  reliable  slips  can  be  had  without  it. 

Craclxing. 

Cracking  may  be  caused  by:  1.  Excessive  shrinkage 
of  the  slip.  2.  Too  thick  a  coating  of  slip.  3.  Too  fine 
grinding  of  slip.  4.  In  dipping  leather  hard,  allowing  the 
brick  to  become  too  dry  before  dipping.  5.  Using  clays 
which  are  weak  or  have  low  tensile  strength. 

Cracking  may  be  overcome  by  substituting  a  clay  of 
low  shrinkage  for  one  of  higher;  or  increasing  the  non- 
plastic  portion  and  decreasing  the  plastic  part,  such  as 
increasing  flint  and  feldspar  or  ('ornwall  stone,  or  replac- 
ing part  raw  clay  Avitli  calcined  clay. 

Blunging  the  slip  instead  of  grinding  is  to  be  recom- 
mended. The  use  of  a  small  quantity  of  carbonate  of  soda 
or  borax  is  found  to  be  beneficial  to  overcome  cracking. 
1'he  proper  amounts  of  these  soluble  materials  to  use  is  an 
important  factor  and  varies  in  different  slips,  hence  the 
amount  should  be  determined  experimentally.  Slips  high 
in  clay  require  more  than  slips  low  in  clay. 

Mechanical  Methods  of  Applying-  Slip. 

The  most  universal  method  of  applying  slip  and  glaze 
is  by  hand  dipping  and  removing  the  surplus  on  the  sides 
by  scraping  with  a  knife  or  scratching  with  a  fine  wire 
brush.     Quite  recently  a  loading  ennmol  bi'ick  plant  has 
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been  experimenfing  with  a  dipping  machine  similar  in 
construction  to  that  used  for  dipping  wall  tiie.  The  ma- 
chine is  made  somewhat  larger,  with  a  few  minor  changes 
in  its  construction  in  order  to  make  it  more  suitable  for 
its  new  purpose. 

The  automatic  veneering  process  is  one  which  has  a 
great  future.  The  process  consists  in  venecndng  a  column 
of  stiff  mud  clay  after  it  issues  from  a  die.  For  this  pur- 
pose a  veneering  device  is  attached  to  the  end  of  the  die 
or  placed  in  front  of  it  for  spreading  the  slip  in  a  layer 
about  one-sixteenth  of  an  inch  thick  upon  the  faces  to  be 
"\'eneered. 

Although  there  are  four  American  patents  on  devices 
for  veneering  a  column  of  clay,  but  one  of  these  seems  to 
be  successful  for  the  manufacture  of  enameled  brick,  viz., 
the  Ramsay  patent,  which  has  recently  been  brought  to 
public  notice  by  an  infringement  suit. 

The  veneering  device  consists  of  t^^'0  rectangular 
frames  A  and  B,  called  slickers,  having  two  plates  between 
as  C,  one  at  each  side.  These  slickers  are  fastened  to- 
gether by  two  bolts  at  each  side  as  DD.  The  apparatus 
is  supported  by  the  die  and  about  one  inch  in  front  of  it 
on  two  rods  E,  one  at  each  side.  Figs.  2  and  8  represent 
the  apparatus  rigged  for  making  stretchers,  in  which  case 
the  top  of  the  column  is  veneered.  Fig.  4,  a  vertical  sec- 
tion across  the  column,  shows  the  arrangement  for  making 
quoins,  in  which  case  the  top  and  one  side  of  the  column 
are  veneered.  The  same  principle  is  used  for  making  bull 
nose  and  other  shapes. 

"A"  is  the  surface  preparing  slicker  having  the  same 
inside  dimensions  as  the  delivery  end  of  the  die.  "B"  is 
the  slip  slicker  and  is  five  sixty-fourths  of  an  inch  larger 
than  the  surface  preparing  slicker  at  all  points  where  the 
slip  is  to  be  applied  to  the  column.  "S,"  tlie  slip  which  is 
pugged  to  about  the  same  consistency  as  clay  user!  for 
pressing  white  A\are,  is  placed  upon  the  column  between 
A  and  B.    As  the  column  moves  for^Aard  the  slip  adheres 
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to  it  and  rolls  over  and  over,  nnwinding-  as  it  were,  and  is 
spread  in  a  coatinj>-  about  one-sixteenth  of  an  inch  in 
thickness  by  the  slip  slicker  "B." 

The  colnmn  is  cut  into  brick  on  a  hand  cutting  table 
of  special  design  and  dried  on  a  hot  floor.  The  bricks  are 
loaded  on  trucks  and  the  glaze  applied  by  a  large  sprayer 
haying  the  air  and  glaze  under  a  pressure  of  forty  to  sixty 
pounds.     The  brick  are  then  set  and  burned  single  fire. 

Setting. 

Of  the  three  methods  of  burning,  yiz.,  open  fire,  burn- 
ing in  muffles  and  burning  in  saggers,  the  open  fire  method 
is  most  economical  but  requires  considerable  care  and  skill 
in  setting.  Some  l>rick  makers  set  the  brick  in  piers,  but 
the  writer  prefers  setting  in  benches  extending  across  the 
kiln.  In  two  fire  ware  the  brick  may  be  set  on  the  flat  as 
described  by  Barringer,^  but  for  single  fire  ware  this 
method  causes  considerable  loss  in  cracking  owing  to 
shrinkage.  In  order  to  overcome  this  difficulty,  the 
stretchers  on  the  outside  of  the  benches  are  set  on  end  and 
shapes  set  flat  in  the  middle  in  piers,  (Fig.  5). 

In  the  single  fire  method  the  brick  should  go  into  the 
kiln  bone  dry.  In  the  Avriter's  experience,  brick  which 
were  set  Avet  frequently  came  out  with  a  dry.  rough  sur- 
face as  though  the  glaze  were  underfired.  At  other  times 
the  glaze  would  be  blistered  or  badly  scummed.  Tliese 
brick  were  called  by  the  workmen  "steamed  brick."  I*e- 
peated  burning  of  these  brick  made  no  appreciable  differ- 
ence in  their  appearance. 

It  is  probable  that  these  brick  being  wet,  took  up 
sulphur  dioxide  from  the  kiln  gases,  which  in  turn  oxi- 
dized to  sulpliuric  acid.  This  naturally  would  combine 
with  lime  and  zinc  oxide  present  in  the  glaze,  and  since 
the  kilns  were  burned  oxidizing  throughout,  the  sulphates 
A\ould  naturally  remain  as  sucli. 


1  Trans.  A.  C.   S.,  Vol.  V,  p.   273. 
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INVESTIGATIONS  BY  THE  WRITER. 
(Ceramic  Laboratory,  Uiiiversity  of   lUiuois) 

The  following  work  comprises  some  imestigatioiis  on 
enamel  brick  slips  applied  to  leather  hard,  bone  dry  and 
biscuit  bodies  between  the  limits 

25  to  75  parts  clay  materials, 

75  to  25  parts  non-plastic  materials. 
Tlie  ceramic  materials  emi)loyed  were: 

Georjyia  kaolin. 

North  Carolina  kaolin, 

Tennessee  ball  clay  (No.  1), 

Brandywine  feldspar, 

Oliio  fiint  (8  hr.  iirind), 

:\1.  Ct.  E.  En<ilish  China  clay, 
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Pikes  English  ball  clay  (No.  20), 
English  Cornwall  stone, 
Carbonate  of  soda. 

The  objects  of  the  work  were  to  determine  the  range 
of  good  slips  within  the  above  named  limits,  to  study  the 
causes  and  remedies  of  defects,  and  to  compare  the  slip 
making  values  of  some  of  the  English  materials  with  thos.e 
of  a  few  American  materials. 

If  a  brick  is  to  come  from  the  kiln  as  a  No.  1  article, 
it  must  first  enter  the  kiln  in  No.  1  condition.  The  first 
step  undertaken  in  the  work  was,  to  determine  the  ratios 
of  plastic  to  non-plastic  portions  for  slips  which  would  fit 
the  bodies  perfectly  in  dipping,  and  wliic]i  were  to  be  used 
as  bases  for  making  the  slips  for  the  burning  trials.  For 
this  purpose  series  27,  28,  20  and  80  were  constructed. 

Carbonate  of  soda  was  kept  constant  at  one  percent 
in  all  slips  throughout  the  work.  All  slips  contained  ten 
percent  of  ball  clay,  two  different  ball  clays  being  em- 
ployed for  comparison. 

The  slips  were  weighed  dry,  blunged,  passed  through 
a  100  mesh  screen,  set  at  1500  to  1520  B  &  L  hydrometer, 
and  placed  in  sealed  jars  and  allowed  to  age  for  one  week. 

The  body  for  the  briquettes  was  composed  of  70  parts 
plastic  fire  clay  and  30  parts  16  mesh  grog.  The  trials 
were  made  stiff  mud  on  a  small  auger  machine  and  wii'e 
cut. 

The  trials  received  two  dips  in  the  slip,  the  dipped 
surface  first  being  scrubbed  with  two  parts  water  and  one 
part  of  the  slip  to  be  applied. 
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SERIES   27. 
Ga.  Kaolin — No.  1  Tenn.  Ball. 
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In  series  27  all  slips  flaked  o:i  leather  hard  trials,  and 
flake;!  and  craeked  on  bone  dry.  Slip  Xo.  1S5,  containing 
15  Georiiia  kaolin  and  75  flint,  \vas  iiood  on  bis:iiit.  This 
slij)  was  selected  as  the  basis  for  Series  31  and  50.  All 
c.tliei-  slips  cracked  and  flakerl. 

SERIES  28. 
N.  C.  Kaolir.— No.  1   Tenn.   Ball. 
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In  Series  28  all  slips  fit  perfectly  on  bis:-nit  Imt  flaked 
on  boite  dry  and  leathei-  hard  bn.li(^-'. 

SERIES   29. 
N.  C.  Kaolin— English  Ball. 
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ISeries  29  is  tl;c:  9nmQ  as  Series  28  except  that  Pikes 
!"::,  20  English  hvAi  clay  replace?;  Tennessee  ball.  Iii  uiin 
fveric.^  all  slips  v\orI:  perfectly  on  I'i.stnit,  tiie  tlireo  lo'.ve>-t 
in  (lay  lit  bone  dry,  tiie  others  cracke:!.  The  Vvo  liigiiest 
!?'  (Jay  fit  perfectly  c.ii  leathei*  har.i. 

SERIES  30. 
ri:~-isli  China — Ena:Iish  Ball. 
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Cracke i 

46  an-J 

65 

206 

-lu 

1} 

(1.1 

1      1 

Good 

Cracke  5 

Cracke.: 

47  ana 

G3 

207 

.'O 

n 

n- 

'      1 

Gooi 

CiT.cke" 

Cracke" 

48  an-J 

67 

20S 

r- 

^'' 

-, 

Goo:l 

Cro:^c: 

Cracke-: 

:4i)  an-J 

ii 

63 

Slips  coiitaijLLii:g  15  to  25  Cltin;i  clay  were  p;orirl  o:i 
l:i.s:nit  ai};l  bone  dry,  the  reiiiainder  cracked.  The  slip 
i0\ve.<t  in  day  liakecl  on  leather  har.i,  tlie  remniiirler  vrere 
i^ood. 

Limits  cf  Pi:;&;.io  and  Non-Plastic  for  Dipping;, 

8elettii3g-  all  rJfps  whiih  are  liood  in  the  a'tove  foiu' 
series,  ^ve  tind  that  for  loiitiier  hard,  pei'fect  tittii!!";  slips 
in  dippii]"-  lie  within  the  ran<ie: 

Clay     35  to  75 

XGn-p::,;ti 3    65  to  55 

Fo?  (lippino-  liniie  dry:— - 

Clay     25  to  45 

Xon-plastic    75  to  55 

For  (li}»pin_ii-  liiscnit: — 

Clay     25  to  75 

Non-iJlastic    75  to  25 

T'ndonbttnlly  slijis  hiulier  in  (•la\-  v.onld  dip  well  o:i 
leather  hard  trials,  but  these  A\ere  considered  as  imprac- 
tical on  account  of  crazina-  after  hnrniny,  as  will  l;p  sh^;\v:i 
hiter  on. 
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Slips  lower  in  clay  would  proltably  dip  ])eTfe('tly  on 
biscuit,  and  here  again  we  find  crazing. 

After  determining  the  limits  of  plastic  and  non- 
X)lastie  portions  for  perfect  fitting  slips  in  dipping,  the  next 
step  in  the  work  was  to  select  each  of  the  perfect  working 
slips  as  a  l)asis  of  a  series  in  which  the  non-plastic  portion 
was  varied  between  flint  and  flnx. 

Series  31  and  50  are  the  only  two  containing  Georgia 
kaolin  which  dipped  well  on  biscuit.  The  other  series  are 
arranged  in  six  groups,  the  flux  in  the  first  three  being 
feldspar.  The  other  three  groups  are  a  repetition  of  the 
first  three,  except  that  Cornwall  stone  was  used  as  the  flux 
in  place  of  the  feldspar. 

Three  different  burns  were  made,  viz.,  cones  4,  6  and 
8.  The  variation  in  the  kiln  was  such  as  to  give  cone  2  in 
the  coolest  part  of  the  cone  4  burn,  and  cone  9  in  the 
hottest  part  of  the  cone  8  burn.  Trials  were  set  on  edge 
in  tile  saggers.  Three  trials  of  each  slip  were  placed  in 
each  burn,  two  having  glaze  No.  5^  applied  over  and  the 
third  slip  left  unglazed.  Cones  were  also  placed  in  each 
sagger. 

A  portion  of  each  slij)  was  cast  Vi  x  i/o  x  1%  inches  in 
plaster  molds.  These  cast  trials  were  placed  in  the  saggers 
with  the  dipped  trials  and  used  for  determining  the  poros- 
ity of  the  slips.  It  was  desirable  to  know  what  relation 
porosity  had  to  the  al)ility  of  slips  to  stand  the  freezing 
test.  This  part  of  the  work  is  under  way  and  not  com- 
pleted at  the  present  writing. 


1  Trans.   A.   C.   S.,  Vol.  X,  p.   21S. 
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SERIES   31. 
(On  Biscuit) 


No. 

Constant 

Flint 

Spar 

Cone  5 

Cone? 

C.  ne9 

L-   O   — 

iH  1-1 

209 

60 

15 

Crazed 

Crazed 

Crazed 

210 

•  i-H   na 

55 

20 

Crazed 

Crazed 

Crazed 

211 

o 
•  6  ^ 

50 

25 

Crazed 

Crazed 

Crazed 

212 

:s^  _ 

45 

30 

Crazed 

Crazed 

Crazed 

213 

o 

40 

35 

Crazed 

Crazed 

Crazed 

214 

■^%3 

35 

40 

Crazed 

Crazed 

Crazed 

21.5 

om  a 

30 

40 

Crazed 

Crazed 

Crazed 

216 

Ga.  K 

Tenn. 
Carbo 

25 

50 

Crazed 

Crazed 

Crazed 

All  are  good  smooth  slips  but  crazed.  The  glaze  tends 
to  decrease  crazing  of  the  slip.  Crazing  of  slip  increases 
with  increase  in  temperature.  Crazing  decreases  with  re- 
placement of  flint  by  feldspar.  Xo.  209  is  a  beautiful 
white,  the  whitest  slip  in  the  entire  work. 

Group  I — Seuies  32  to  37. 


SERIES   32. 
(On  Biscuit) 


No. 

Censtant 

Flint 

Spar 

Cone  6 

Cone? 

Cone  9 

lO  O  tH 
i-l   T-l 

217 

•■  : 

60 

15 

Crazed 

Crazed 

Crazed 

218 

55 

20 

Crazed 

Crazeci 

Crazed 

219 

50 

25 

Crazed 

Crazed 

Crazed 

220 

^  '^  '■*-* 

45 

30 

Crazed 

Crazed 

Crazed 

221 

aoli 
all 
te  0 

40 

35 

Crazed 

Crazed 

Crazed 

222 

35 

40 

Crazed 

Crazed 

Crazed 

223 

i£,i^  2 

30 

45 

Crazed 

Crazed 

Crazed 

224 

N.   C. 
Tenn. 
Carbo 

25 

50 

Good 

Slightly 
Crazed 

Good 

All  are  good  slips  except  for  crazing.     Crazing  de- 
creases from  217  to  224  due  to  replacement  of  flint  by 
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feldspar.  Craziiiu'  of  slips  incrc^ase  with  increase  in  tem- 
perature. Xo.  22-1  is  liiiihlv  vitrilied  at  Cone  9.  This  slip 
can  be  called  good  at  Cone  0,  but  is  too  translucent  at 
Cone  9.     Slips  are  slightly  cream  colored. 


SERIES  33. 
(On  Biscuit) 


No. 

Constant 

F  inl 

Spar 

Cone  6 

Co!e7 

Co  c9 

O  iH 

1-1 

225 

50 

15 

Good 

Good 

Good 

226 

-H  r2 

45 

20 

Good 

Good 

Good 

227 

O 

40 

25 

Good 

Good 

Good 

228 

35 

30 

Good 

Good 

Good 

229 

.5      b 

30 

35 

Good 

Good 

Good 

230 

25 

40 

Good 

Good 

Good 

231 

bi  W  S 

20 

45 

Good 

Good 

Good 

232 

N.   G. 
Tenn. 
Carboi 

15 

50 

Good 

Good 

Good 

All  slips  work  perfectly.  The  10%  increase  in  clay 
in  this  series  above  that  in  Series  32  has  eliminated  craz- 
ing entirely.  Slips  229  to  232  are  translucent  at  conc^  8. 
Slips  are  a  light  cream  in  color. 


SERIES   34. 
(On  Biscuit) 


No. 

C  jnatant 

Hint 

Spar 

Cone  6 

Cone  7 

Conr  O 

O  tH 

233 

45 

10 

Good 

Good 

Good 

234 

iH    r— 

40 

15 

Good 

Good 

Good 

235 

O 

^  rn 

35 

20 

Good 

Good 

Good 

236 

30 

25 

Good 

Good 

Good 

237 

•"      o 

25 

30 

Good 

Good 

Good 

238 

§13  i^ 

20 

35 

Good 

Good 

Good 

239 

Tenn.   B 
Carbona 

15 

40      1 

Good 

Good 

Good 

240 

10 

45      1 

1 

Good 

Good 

Good 
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This  series  is  similar  to  Series  oo.     Xo  bad  defects. 
Slips  237  to  240  are  vitritied  to  a  blue-white  at  Cone  9. 


SERIES  35. 
(On  Biscuit) 


No. 

ConstaLt 

Flint 

Spar 

Cone  6 

Cone  7 

CoBc9 

in  o  iH 
•^  1-1 

241 

40 

5 

Good 

Good 

Good 

242 

•  T-i  -o 

35 

10 

Good 

Good 

Good 

243 

o 

30 

15 

Good 

Good 

Good 

244 

-^2 

25 

20 

Good 

Good 

Good 

245 

20 

25 

Cracked 

Cracked 

Cracked 

246 

S  "5  ^ 

15 

30 

Cracked 

Cracked 

Cracked 

247 

d  = -| 

IZr-C 

10 

35 

Cracked 

Cracked 

Cracked 

Slips  are  vei'T  jiood  except  a  slioht  tendencT  to  crack. 
Cracking  increases  with  decrease  in  flint  and  increase  in 
feldspar.  Slips  245  to  247  are  translucent  at  Cone  9. 
Nearly  all  the  glazed  trials  are  good.  Glaze  tends  to  over- 
come cracking  of  the  slip. 

SERIES   36. 
(On  Biscuit) 


Spir 


in  o  iH 

LS  i-H 

! 

i 

j 

248 

•  1-1  -o 

30 

5 

Good 

Good 

Good 

249 

■  o'n 

1     25 

;     10 

Good 

Good 

Good 

250 

a'Z-^ 

20 

'     15 

Good 

Good 

Good 

251 

.=      o 

15 

20 

Cracked 

Cracked 

Cracked 

252 

2^  0^ 

c3  ca  +^ 

10 

25 

Cracked 

Cracked 

Cracked 

253 

N.   C.   K 
Tenn.   B 
Carbona 

5 

30 

Cracked 

Cracked 

Cracked 

This  series  is  similar  to  Series  35.    The  cracking,  hoAv 
ever,  is  a  little  more  prominent. 
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SERIES   37. 
(On  Biscuit) 


Constant:     N.  C.   Kaolin,  G5;   Tenn.   Ball  No.   1,  10;  Carbonate  of  Soda,   1. 


Spar 


Cone    3 


Unglazed       I    Glazed 


Coue  G 


Unglazed      |      Glazed 


Cone    8 


Unglazed      |        Glazed 


254 
255 
256 
257 
258 


20 

5 

Cracked 

Crazed 

15 

10 

Cracked 

Crazed 

10 

15 

Cracked 

Crazed 

5 

20 

Cracked 

Crazed 

0 

25 

Cracked 

Crazed 

Cracked 

Good 

Cracked 

Good 

Cracked 

Crazed 

Cracked 

Crazed 

Cracked 

Crazed 

Cracked 
Cracked 
Cracked 
Cracked 
Cracked 


Cracked 

Good 

Good 

Good 

Good 


All  slips  cracked.  Glaze  tends  to  prevent  cracking  of 
slip.  Slips  did  not  craze,  but  glazes  crazed  over  slips  in 
fine  zig-zag  lines.  Increasing  temperature  of  firing  de- 
creases crazing  of  the  glaze. 

The  six  different  groups  were  plotted  on  tri-axial  dia- 
grams. In  many  cases  the  unglazed  slips  were  defective 
and  the  same  slips  glazed  were  good.  Only  those  slips 
Avere  plotted  as  good  which  were  sound  both  glazed  and 
unglazed,  and  all  such  slips  that  were  sound  at  one  tem- 
perature, but  may  have  been  slightly  defective  at  some 
other  temperature,  were  plotted  as  good.  Slips  which  were 
translucent  (due  to  vitrification)  but  otherwise  perfect 
were  also  plotted  as  good. 
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Grou/i  I. 

JV.C.KaoUn  ^  ISMS 
Branoli/mrjeS/?an.5to50 
Ohio8/ir.nint=^Otb60 

Con6ta7iti  /Vot  F/otted  (§-^ 

TcnnBallNoJ'/O 
Carbonate  Soda^ 


CLai^ 


A  =  Good  On  Bi6coct 
K  =  C  ra^cd  ^'      » 
C  -  CT'CicKed  "      " 


+  =  OU/is  nat  Old  /vot  O'cjje       Oy  Ji' 
But  Over  W/?ich  G/cfjeCrajed  tv 


Conclusions  on  Group  I. 

Craziiifj:  A  high  content  of  flint  evidently  causes 
crazing  of  the  slip.  Decreasing  flint  and  increasing  clay 
or  feldspar,  or  both,  decreases  crazing.  Increasing  clay  is 
more  effectiye  in  overcoming  crazing  than  increasing  feld- 
spar. With  flint  constant,  decreasing  clay  and  increasing 
feldspar,  increases  crazing.  Crazing  of  the  slip  increases 
Avitli  increase  in  burning  temperature. 

A  high  content  of  clay  does  not  cause  the  slip  to  craze, 
but  causes  the  glaze  applied  over  the  slip  to  craze.  De- 
creasing clay  and  increasing  flint  or  feldspar,  or  both,  in 
the  slip  decreases  crazing  of  the  glaze.  Increasing  the 
burning  temperature  decreases  glaze  crazing. 

Crar-l-iiif/:  Excessive  clay  in  the  slip  causes  cracking 
during  bnrning.     Decreasing  clay  and  increasing  flint  or 
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f:^klspar,  or  both,  decreases  crackiiiji,'.     Iiu-reaf^iiig  Hint  de- 
iiease>  crackino-  more  effectively  than  increa.siii,^'  feldspar. 
With  clay  constant,  decreasinji;  flint  and  incieasinp;  fekl- 
jar  increases  crackin_n-. 

Good  slips  in  this  fi,TO"irp  on  a  liis  nit  bn:ly  fr?c  f  r.iiid 
hetwec'ii  the  limits : 


Georgia    ^'"c"  .i    15  to  r". 

Flint     10  to  Z') 

Feldspar    5  to  50 

Ball    Clay    n  / 

Carbonate  cf  So-L?.    1  \ 

Grdup  II.     Skuh::-  38  7  0  _*^. 

5SRIE?   3S. 
(On  Biscuit) 


KFoFn,  15;  Enrll-'i  r?i;.  ID;  Carbonate  of  Soi".  1. 


C"o;ie  G 
zF(l       of 


Cone  S 


•'    !•   1         H 

Crar.-d 

Cra2;:5 

Crazed 

Crazed 

Crazed 

Crazed 

•■■  '■"; 

.1  . 

Crazed 

erased 

Crazed 

Crazed 

Craii'd 

Good 

-(')■■ 

.11 

Cras;d 

Crazed 

Crazed 

Gocd 

Crazrcl 

Good 

•>  j 

4 

; 

Cras3d 

Crazed 

(^GOd 

Good 

Craz:d 

Gc;)i 

•'  •;> 

1 

.~) 

C  03  » 

Cool 

Good 

Good 

Crazed 

Good 

-'  \ 

;-,."i 

i 

K  Gcol 

Good 

Good 

Good 

Crazed 

Good 

() 

1 

Gooi 

Good 

Gocd 

Gooi 

Crazc-d 

Good 

.;;i) 

■:, 

.1 

Good 

Good 

Goc-d 

Ccci 

Crri^ci 

Good 

-•.)T 

•>  , 

'"■ 

Gooi 

Gooi 

Good 

Good 

Craz3d 

Good 

Crazing"  of  ucgiazel  ^:lips  increases  and  daziiifv  of 
.!L;]azed  slip-;  decreases  with  increase  in  temperature.  Craz- 
in.U'  decreases  with  increase  in  feldspar.  ^\sir!e  from  craz- 
inii-,  slips  fit  perfectly.  Blips  264  to  2{)7  are  traiishicent  at 
C'or.e  0,  due  to  vitrifi:-atio:i.  t->lips  2i\l  to  '2C\7  a-e  transl-:- 
:  I'iit  at  Cone  9. 


ON    THE   ^lAXC:  AC'iTRZ   Oi<^   ENAMEL    BRICK. 


SERIES   38. 
(On  Bone  Dry) 


\  . 

Cone   3 

Cone 
V::.:;lazcd 

Craze a 

)   5 

Cone 

s 

Ungliized 
Craze'l 

fi  lazed 
Craze  i 

Glazed 

Unglnzed    i 

G  la  :■.•<! 

259 

Crazed 

Crazed 

Good 

Cracke J 

Cracke  . 

Cracke: 

260 

Craze i 
Cracke i 

Craze  ^- 

Crazed 
Crackei 

Good 

Crazed 
Cracked 

Good 

261 

Crazei 
Cracke '. 

Crazed 

Crazed 
Cracked 

Good 

Crazed 
Cracke  I 

Good 

262 

Craze:! 
Cracke- 

Good 

Crazed 
Cracked 

Good 

Cracke'! 

Good 

263 

CrazeJ 

Good 

Craze J 
Cracked 

Good 

Good    ? 

Good 

264 

Craze  1 

Good 

Cracked 

Good 

Cracke. i 

Good 

265 

Good 

Good 

Cracke I 

Cicod 

Good   ? 

Good 

266 

Good 

Good 

Good 

Good 

Good   ? 

Good 

267 

Good 

Good 

Good 

Good 

Cracked 

Good 

81ii3s  show  a  tendency  to  crack.  Craikiiig  doe.s  iicfc 
seem  to  be  influenced  by  variation  in  composition  or  iicai; 
treatment.  Cracks  extend  (b)\vn  into  tlie  body  about  I  S2 
to  1/1  (J  of  an  incli. 

SERIES   39. 
(On  Biscuit) 

Constant:     N.  C.  Kaolin.  25;  English  Ball,  10;  Carbonate  of  Soda.  1. 


!  1  lit  \^{"i-  { - 


Cone  6 


Cone 


2i- 

.- 0 

1.3    Good 

Good 

Good 

Good 

Cracked 

Good 

2r,9 

h") 

•)      Good 

(Jood 

Good 

Good 

Cracked 

Good 

:',{) 

4 

v.-    Good 

Good 

Good 

Good 

Cracked 

Cracked 

■'7 

;^-. 

.in    Good 

Good 

Good 

Good 

Good 

Good 

-  /  - 

H't 

;r    Good 

Good 

Good 

Good 

Good 

Good 

'>: ; 

L'-. 

■4(1     CrOOd 

Good 

Cracked 

Cracked 

Cracke-: 

Cracked 

•27  i 

-.0 

;"•    Good 

Good 

Cracked   Good 

Good 

Good 

■JT'i 

i:, 

On    Good 

Good 

Cracked 

Good 

Good 

Good 

Slips  liave  a  sli_ul:t  ie:ideiicy  to  crack,  v.iiiph  increases 
V,  itii  iiurease  in  felr!s]):ir  ard  temperature.  (Haze  over  tlie 
Klip  te_ids  to  prevent  craclci-'j.*-.  (See  Fiji'.  iU.  All  slip.s 
;  'e  opj^que  at  Co!7e  ('.  Slip;  272  to  275  are  vitt-ifie:l  and 
t:^a::s];!'ei7t  rf  Covo  8. 
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ILLUSTRATIONS  OF  CILAZE  PREVENTING  SLIPS 
FROM    CRACKING. 


SERIES   39. 

(On 

Bone  Dry) 

No. 

Cone  4                    1 

Cone  6 

Cone  8 

UneUzed      | 

r:  a7e<i       i 

L'nglazed 

r.lazcd 

Unglazed 

1  la7ed 

268 

Cracked 

Good 

Cracked 

Cracked    Cracked 

Cracked 

269 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

270 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

271 

Cracked 

Cracked 

Cracked 

Cracked 

("racked 

Cracked 

272 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

Cracked 

273 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

274 

Cracked 

Cracked i 

Cracked 

Cracked 

Cracked 

Cracked 

275 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Crackiii.2;  quite  l)acl;  worse  tlian  series  38. 
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SERIES  40. 
(On  Biscuit) 


Constant:     N.   C.  Kaolin,   35;   English  Ball,   10;   Carbonate  of  Soda,  1. 


Cone  4 

Cone  6 

Cone  9 

FUnt 

Spar' 

1  Unglazrd  I    f  la^erl 

rnela7ed   1    Glazed 

Unslazed  |    Glazed 

276 

45 

10 

Cracked 

Cracked 

Cracked 

1 
Cracked  I  Cracked 

Cracked 

277 

40 

15 

Cracked 

Cracked 

Cracked 

Cracked  Cracked 

Cracked 

278 

m 

20 

Cracked 

Cracked 

Cracked 

Cracked  Cracked 

Cracked 

279 

30 

25 

Cracked 

Cracked 

Cracked 

Cracked  Cracked 

Cracked 

280 

2r: 

30 

Cracked 

Cracked 

Cracked 

Cracked  Cracked 

Cracked 

281 

20 

35 

Cracked 

Cracked 

Cracked 

Good    Cracked 

Cracked 

282 

15 

40 

Cracked 

Cracked 

Cracked 

Cracked  Cracked 

Cracked 

283 

10 

45 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

Crackiiio  of  slips  very  bad.  Cracking-  decreases  with 
increase  in  feldspar.  Glaze  tends  to  prevent  cracking  of 
the  slip.  All  slips  are  opaqne  at  Cone  4,  Slips  281  to  283 
at  Cone  6,  and  279  to  283  at  Cone  9  are  vitrified. 


SERIES   40. 
(On   Bone   Dry) 


Co  e  6 


276 

Cracked 

Cracked 

Cracked 

277 

Cracked 

Cracked 

Cracked 

278 

Cracked 

Cracked 

Cracked 

279 

Cracked 

Cracked 

Cracked 

280 

Cracked 

Cracked 

Cracked 

281 

Ci-acked 

Cracked 

Cracked 

282 

Cracked 

Cracked 

Cracked 

283 

Cracked 

Cracked 

Cracked 

All  slips  both  glazed  and  imglazed  crack  badly.  Crack 
ing  extends  through  slips  into  the  body. 
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SERIES   41. 
(On  Biscuit) 


Constant 

:     N.   C.   Kaolin,   45;   English   Ball, 

10;   Carbonate  of  Soda.   1. 

Cone  5 

Cone  7 

Cone  9 

No. 

Flint 

Unglazed    |         Clayed 

Unglazed      |        Glazed 

Unglazer      1         Glazed 

2^4 

85 

10 

Cracked 

Good 

Cracked 

Good 

Good 

Cracked 

2H5 

30 

15 

Good 

Good 

Cracked 

Good 

Good 

Good 

28rt 

2o 

21) 

Good 

Good 

Cracked 

Cracked 

Cracked 

Cracked 

387 

20 

2o 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

288 

15 

30 

Good 

Good 

Good 

Cracked 

Good 

Good 

289 

1(1 

35 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

Cracked 

Slips  which  cracked  showed  a  tendency  to  curl  up  and 
flake.    All  slips  are  opaque  at  Cone  9. 

SERIES   42. 
(On  Biscuit) 


Constant 

:     N.  C.   Kaolin,   55;   English  Ball, 

10;   Carbonate   of  Soda,   1. 

Cone  5                    1                    Cone    7 

Cone  9 

N  ' 

P.int 

Spar 

Unglazed    1       Glazed       '     Unelazed     1        Glazed 

Unglazed    I        fllazrd 

290 

30 

5 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

29 

25 

10 

Cracked 

Good 

Cracked 

Cracked 

Cracked 

Cracked 

292 

20 

15 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

293 

15 

20 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

294 

10 

25 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

295 

5 

30 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

This  series  acts  very  similarly  to  Series  41, 

SERIES   42. 
(On  Leather  Hard) 


No 

C    nr   5 

Cone  7 

Cone  9 

290 

Good 

Good 

Good 

291 

Good 

Good 

Good 

292 

Good 

Good 

Good 

293 

Good 

Good 

Good 

294 

Good 

Good 

Good 

295 

Good 

Good 

Good 
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All  slips  arc  iiood  l)()tli  i;b^7,c(l  and  uii.-;la/ed,  except 
that  the  glaze  flakes  from  the  slip  slightly.  Slips,  how- 
ever, fit  perfectly.    All  sli]ts  are  opaque  at  Cone  9. 


SERIES  43. 
(On  Biscuit) 


Constant: 

N.  C.  Kaolin,  65;  English  Ball, 

10;  Carbonate  of  Soda,  1. 

Cone  S 

Cone  7 

Cone  9 

jpar 

Ungla2el      I        Glazeci 

Unel  ved     1         Glaye 

1'.  gl  zeil      1         (;    z'.i 

296 

20    I    o   Cracked    Cracked 

Cracked 

Cracked   Cracked 

Cracked 

297 

15    i  10   Cracked    Cracked 

Cracked 

Good         Cracked 

Cracked 

298 

10      15  1  Cracked i  Cracked 

Cracked 

Cracked    Cracked 

Cracked 

29'J 

fi 

yo 

Cracked 

Cracked 

Cracked 

Cracked : Cracked 

Cracked 

300 

0 

■^b 

Cracked 

Cracked 

Cracked 

Cracked    Cracked 

Cracked 

Cracliiiig  is  very  bad.     Slips  also  liake  some  Imt  uot 
badly.    All  slips  are  opaque  at  Cone  0. 


SERIES  43. 


(On  Leather  Hard) 


No- 

C   ne   5 

1 

Cone  7 

COJC  8 

296 

Good 

Good 

Good 

297 

Good 

Good             1 

Good 

298 

Good 

Good             1 

Good 

299 

Good 

Good             1 

Good 

300 

Good 

Good             ' 

1 

Good 

All  slips  work  perfectly  both  ghized  and  ungJazed. 
^rlaze,  howeyei',  liakcd  frtun  slips;  cthci-wise  all  trials  were 
.sound. 
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Orou/iJE. 

J/.a Kaolin  *  /5-65 
Bvanduii/inedpar'^  S-55 
0/7io6HnrUnt  «  0-60 

Constants  No ( Flatted^ 

Encf-  BalUriKejNozoj'^/o, 
Carbonate  6oo(a^  /, 


STULL 


'^■'^  A  =  Qood  On  Biscuit 

c  =  CTacKeci "   " 


□  »  QoocL  0?7  L  ecL  tA  er'  Jia  I'd       '^ ^ 


Conclusions  on  Grronp  II 

The  conclusions  drawn  with  respect  to  crazing-  and 
cracking  in  Group  I  apply  to  (Iroup  II.  There  is  a  ten- 
dency of  slips  high  in  clay  to  tiake  as  well  as  crack  on 
biscuit  body.  Series  42  and  43,  which  are  applied  to  leath- 
er hard  body  as  well  as  biscuit,  gave  good  results  on  the 
leather  hard  bod,y,  l)ut  cracked  on  biscuit. 

In  comparing  the  tri-axial  diagram  of  Group  II  with 
that  of  Group  I  it  is  ol)served  that  the  substitution  of 
Pikes  No.  20  English  ball  chiy  for  Tennessee  ball  clay  No. 
1;  has  given  a  much  smaller  field  of  good  slips  on  biscuit 
body;  cracking  has  increased  and  crazing  of  slips  de- 
creased. Good  slips  are  obtained  which  possess  satisfac- 
tory working  qualities  on  leather  hard  body.  None  of  the 
slips  ^ere  good  on  l>oiic  di'v  body. 
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The  limits  of  compositiou   for  liood  slips  on  biscuit 
found  in  this  group  are: 

North   Carolina   Kaolin 15  to  25 

Brandywine  Feldsi^ar    15  to  55 

Ohio   Flint    15  to  50 

Pikes  No.  20  Eng.  Ball  Clay 10  /  ^gngtant 

Carbonate  of  Soda   1  *i 

The  limits  for  good  slips  on  leatlier  liard  body  are: 

North    Carolina    Kaolin 55  to  65 

Brandywine  Feldspar    5  to  rto 

Ohio  Flint    0  to  30 

Pikes  No.  20  Eng.  Ball  Clay 10  ^  constant 

Carbonate  of  Soda    1   ( 

Grofp  III — Si:kies  44  to  49. 

SERIES  44. 
(On  Biscuit) 


Const.'^nt:     English  China.  15;  English  Ball,  10;  Carbonate  of  Soda,  1. 


Spar 

Cone  5 

Cone  6 

Cone  8 

Unglazed   I    Glazed 

Unglazed   I   Glazed 

Unelazed  |   Glazed 

301 

60 

5 

Cracked 
Crazed 

Crazed 

Cracked 
Crazed 

Crazed 

Cracked 
Crazed 

Crazed 

an? 

55 

20 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

303 

50 

2i 

Cracked 
Crazed 

Crazed 

Cracked 
Crazed 

Crazed 

Cracked 
Crazed 

Crazed 

304 

45 

30 

Crazed 
Cracked 

Crazed 

Cracked 
Crazed 

Good 

Cracker] 
Crazed 

Crazed 

305 

40 

35 

Crazed 

Crazed 

Cracked 

Good 

Crazed 

Good 

306 

35 

40 

Cracked 
Crazed 

Crazed 

Crazed 
Cracked 

Crazed 

Crazed 
Cracked 

Crazed 

307 

30 

45 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

308 

25 

50 

Crazed 

Crazed 

Cracked 

Good 

Good 

Good 

309 

20 

55 

Crazed 

Crazed 

Crazed 

Good 

Good 

Good 

All  slips  crazed.  Glaze  also  crazed  at  low  tempera- 
tures. Increase  of  temperature  decreases  crazing  of  the 
glaze.  The  glaze  tends  to  prevent  crazing  of  the  slip.  Very 
little  difference  is  noticed  in  crazing  of  the  slip  due  to 
difference  in  heat  treatment.  A  decrease  in  crazing  is 
noticeable  Avith  reduction  of  flint  and  increase  in  feldspar. 
Cracking  is  due  to  excessive  fire  shrinkage.  Slips  are  all 
quite  dense. 
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SPJUIES   44. 
(On  Bone  Dry) 


C   11     5 

Co 

1.    6 

1                       Co 

e  8 

Ui.h-'.                      !.•■■■   - 

I  'n   1  -  ■ 

CI.  "rl 

1     U    i;    z-ri       1 

Gl-zccl 

sai 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

302 

Cracked 

Cracked 

Crazed 

Crazed 

Cracked 

Cracked 

Crazed 

Crazed 

Crazed 

Crazed 

SOS 

Cracked 

Cracked 

Cracked 

Crazed 

Cracked 

Cracked 

CrazHd 

Crazsd 

Crazed 

Cracked 

Crazed 

Crazed 

304 

Cracked 

Cracked 

Cracked 

Crazed 

Cracked 

Cracked 

Craz:d 

Crazed 

Crazed 

Cracked 

Crazed 

Crazed 

305 

Cracked 

Cracked 

Cracked 

Crazed 

Cracked 

Cracked 

Crazid 

Crazed 

Crazed 

Cracked 

Crazed 

Crazed 

306 

Ci'azed 

Cracked 

Cracked 

Crazed 

Cracked 

Cracked 

Cracked 

Crazed 

Crazed 

Cracked 

Crazed 

Crazed 

307 

Craztd 

Cracked 

Crazed 

Crazed 

Cracked 

Cracked 

Cracked 

Crazed 

Cracked 

Crazed 

Crazed 

308 

Crazed 

Cracked 

Cracked 

Crazed 

Cracked 

Cracked 

Cracked 

Crazed 

Crazed 

Cracked 

309 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

In  general,  slips  crack  badly.  Cracking  extends 
down  into  body.  Crazing  is  the  same  as  observed  on  bis- 
cnit.  Nearly  all  slips  are  vitrified.  Xos.  304  to  300  are 
glossed  in  the  nnglazed  condition  at  Cone  '^. 

SERIES   45. 
(On  Biscuit) 


Constant: 

English  China.  25;  E 

njlish  Ball.  10;  Carb 

jnate  of  Soda,  1. 

C»hc  5 

C 

i-  6 

C  ne  8 

Flint 

U    r  KZ-d      •         G!n/>-.l 

Uilirl:l7'. 

C  :iz 

Uii.l  z    •      1        G    zrr 

311! 

rjl 

Ir. 

Crazed 
Cracked 

Good 

Good 

Good 

Good 

Cracked 

Mil 

4'> 

■•lu 

Crazed 
Cracked 

Crazed 

Cracked 

Cracked 

Cracked 

Cracked 

812 

40 

25 

Crazed 

Good 

Good 

Good 

Good 

Cracked 

31. -5 

35 

30 

Good 

Good 

Good 

Cracked 

Good 

Cracked 

:  n 

;ui 

35 

Cracked 

Good 

Crazed 

Good 

Cracked 

Good 

■'.ir. 

■Jo 

4"' 

Cracked 

Good 

Crazed 

Cracked 

Cracked 

Cracker] 

:'.IG     L'O 

-in 

Cracked 

Cracked 

Good 

Good 

Cracked 

Cracked 

.SIT     15 

50 

Good 

Good 

Good 

Good 

Cracked 

Cracked 

Crazing  of  slips  decreases  with  decrease  of  flint  and 
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hicreiise  of  Mdspar.  Crazing  also  iiicreasir'S  \viLh  inci-eaHi^ 
ill  temperature.  Slips  are  all  opaque  at  Cone  -1.  No.  317 
is  trarislciceut  at  Cone  0.  Slips  313  to  317  are  trai's'm cerit 
at  Cone  8. 

SKliilES   45. 
(On  Bone  Dry) 


319  Cracked 

Cracked 

Cracked  Good 

Good 

Cracked 

Crazed 

Crazed 

311  Cracked 

Cracked 

Cracked  Cracked 
Crazed 

Crackec 

Cracked 

312  Cracked 

Cracked 

Cracked  Cracked 

Cracked 

Cracked 

Crazed 

313  Coed    Cracked  Cracked  Cracker" 

Cracked 

Cracked 

Crazed 

314  Cracked 

Cracked ;  Cracked  Crackei 
Craze  ;^ 

Crackec 

Cracked 

315  Cracked 

Cracked  Cracked  Cracked 
Craze  :i 

Cracked 

Cracked 

316  Good 

Cracke:!  Cracked  Cracked 
Crazed 

Cracked 

Cracked 

317  Cracked 

Cracked  Cracked  Cracked 

Cracked 

Cracked 

Crazed 

Slips  behave  in  a  similar  manner  to  what  tliey  do  on 
biscuit,  exeei:>t  that  they  crack  worse  and  have  a  sli,n1it 
tendency  to  flake. 


SERIES   45. 
(On  Leather  Hard) 


Cone  4 


310 

Flaked 
Crazed 

Flaked 

Flaked 

311 

Flaked 
Craze] 

Flaked 

Good 

312 

Flake  '■ 
Craze:! 

Flaked 

Flaked 

313 

Cracked 

Cracked 

Cracked 

311 

Flake -i 

Flaked 

Fiake-^ 

315 

Flakei 

Flake:! 

Flaked 

316 

Good 

Good 

Good 

317 

Flaked 

Flaked 

Flake! 
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Both  unglazed  and  glazed  slips  flake  some.     Slip  313, 
which  cracked,  was  dipped  quite  thick. 


SERIES  46. 
(On  Leather  Hard) 


No. 

Constant 

Flint 

Spar 

Cone  3 

Ccne  5 

Cone  8 

Iffl  O  rH 

CO    T-( 

318 

45 

10 

Good 

Good 

Good 

319 

-o 

40 

15 

Good 

Good 

Flaked 

320 

CQ 

35 

20 

Cracked 

Good 

Good 

321 

30 

25 

Flaked 

Flaked 

Flaked 

322 

•5^  o 

25 

30 

Good 

Good 

Good 

323 

O  CQ   o 

20 

35 

Flaked 

Good 

Flaked 

324 
325 

English 
English 
Carbonal 

15 
10 

40 
45 

Good 
Flaked 

Good 
Good 

Good 
Good 

Slips  have  a  slight  tendency  to  flake.  Flaking  not 
bad.  Some  very  good  slips  appear.  All  are  opaque  at 
Cone  2.  Slips  323  to  325  are  vitrified  at  Cone  6.  Slips 
321  to  325  are  vitrified  at  Cone  8. 


SERIES   47. 
(On  Leather  Hard) 


No. 

Constant 

Flint 

Spar 

Cone  4 

Cone  5 

Cone  8 

•^    T- 

326 

-a 
o 

40 

5 

Good 

Good 

Good 

327 

M 

35 

10 

Good 

Good 

Flaked 

328 

'^^'^ 

30 

15 

Good 

Good 

Good 

329 

25 

20 

Cracked 

Cracked 

Flaked 

330 

o  cq  3^ 

20 

25 

Flaked 

Flaked 

Flaked 

331 

^^5 

15 

30 

Flaked 

Flaked 

Flaked 

332 

Englis 
Englis 
Carbo 

10 

35 

Good 

Flaked 

Flaked 

Slips  flake  more  than  Series  40.  Flaking  seems  to 
increase  with  increase  in  feldspar  and  increase  in  temper- 
ature. All  are  opaque  at  Cone  4.  Slips  330  to  332  are 
translucent  at  Cone  9. 
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SERIES  48. 
(On  Leather  Hard) 


No. 

constant 

1 

Flint 

Spar 

Cone  4 

Cone  6 

Ccne  S 

333 

1—1 

30 

5 

Cracked 

Good 

Cracked 

334 

o 

25 

10 

Good 

Flaked 

Flaked 

335 

03     • 

.S  =  -o 

20 

15 

Flaked 

Flaked 

Good 

336 
337 

Lglish  Ch 
glish  Ba 
rbonate 

15 
10 

20 
25 

Flaked 
Flaked 

Good 
Flaked 

Good 
Flaked 

338 

K    K    CO 

HBO 

5 

30 

Flaked 

Flaked 

Good 

This  series  appears  very  similar  to  Series  47. 
opaque  at  Cone  8. 


All  are 


SERIES   49. 
(On  Leather  Hard) 


No. 

Constant 

Flint 

Spar 

Core  4 

Cone  6 

Cone  9 

339 

1—1 

20 

5 

Good 

Flaked 

Flaked 

340 

-a 
o 

72 

15 

10 

Good 

Flaked 

Flaked 

341 

China 
Ball   . 
te  of 

10 

15 

Cracked 

Cracked 

Flaked 

342 

5 

20 

Good 

Flaked 

Flaked 

343 

English 
English 
Carbon a 

0 

25 

Good 

Good 

Good 

Flaking'  in  this  series  has  increased   over  Series  48. 
All  are  opaque  at  Cone  9. 
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STULL 


Grou/i  M. 


M.  G.ff.  Eng.  China  Claj/  ^J6to65 ^ 
Ohio  8hr.  Flint    -OtodO 

Comtants  Not  F/offed 

E-n^.Bcli(nKc5MoZohJO 
Carbonate  6pda  =  i<^ 


—  o  A  =   Good  On  Biscuit 

'^  K  =   Cra,^ed  " 


C  =  CTacKed 
a  =  OGod"OnLeat/7erfia7-ci 

Conclusions  on  Group  III. 


F  =  riaKed  Or?  Leather'     ^ 
Hard.    ^ 


(Jraziiuj  and  (Jracl-iiifj :  Tlie  same  conclnsioiis  on  craz- 
iDi*  found  in  Groups  I  and  II  also  apply  to  Group  HI. 
Crazing  of  the  slips  has  increased  considerably  over  the 
two  preceding-  groups.  Since  cracking  is  so  erratic,  no 
definite  conclusions  can  be  drawn. 

Flaking:  Flaking  on  leather  hard  trials  during  burn- 
ing appears  to  be  caused  bv  too  liigh  clav  content.  Decreas- 
ing clay  and  increasing  flint  or  feldspar,  or  both,  decreases 
liaking  during  burning.  Increasing  flint  oyercomes  flak- 
ing more  effectiyely  than  increasing  feldspar.  With  clay 
constant,  decrease  of  flint  and  increase  of  feldspar  in- 
creases flaking.  The  trials  also  show  tliat  flaking  increases 
with  increase  in  burning  teini)eratnre. 

The  slips  plotted   as  good   an   bismit  are  in   reality 
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doubtful.  This  field  has  dwindled  considerably  when  com- 
pared to  Groups  I  and  II.  A  field  of  good  slips  on  leather 
hard  trials  appears  in  an  entirely  different  locality  on  the 
tri-axial  diagraon  than  that  obtained  in  Group  II. 

The  comparison  of  Groups  II  and  III  shows  that  the 
substitution  of  M.  G.  E.  English  China  clay  for  North 
Carolina  kaolin  has  increased  crazing  and  cracking  on 
biscuit  trials,  and  increased  flaking  and  cracking  on 
leather  hard  trials.  Examination  of  the  trials  shows  that 
the  English  china  clay  produces  slips  which  approach 
whiteness  more  closely  and  which  yitrify  at  a  lower  tem- 
perature. 

The  limits  of  composition  for  good  slijjs  on  biscuit 
body  are  doubtful.  None  of  the  slips  were  good  on  bone 
dry  body.  For  leather  hard  body  the  limits  of  composition 
of  good  slips  found  in  this  group  lie  betwe^^n : 

M.  G.  R.  English  China  Clay 3.5  to  55 

Brandywine  Feldspar    5  to  20 

Ohio   Flint    30  to  45 

Pikes  No.  20  English  Ball  Clay IC  /  p       ,      , 

Carbonate  of  Soda   1  <  ""Onstam: 

SERIES  50. 
(On  Biscuit) 


Constant:     Georgia  Kaolin.    15:   T 

enn.   Ball, 

10;   Carbonate  of  Soda,   1. 

Ene. 

Cone  5 

Cone  7 

'                  Cone  9 

No. 

Flint 

C. 
Stone 

Unclazfd 

1         niaz'd 

Un  el  J  zed 

Glazed 

Unelazed 

1        r.lazetl 

344 

60 

15 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

Good 

345 

55 

20 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

346 

50 

25 

Crazed 

Crazed 

Crazed 

Good 

Crazed 

Good 

347 

45 

30 

Crazed 

Good 

Good 

Good 

Good 

Good 

348 

40 

35 

Crazed 

Good 

Crazed 

Good 

Good 

Good 

349 

35 

40 

Good 

Good 

Good 

Good 

Good 

Good 

350 

30 

45 

Crazed 

Good 

Crazed 

Good 

Good 

Good 

351 

25 

50 

Good 

Good 

Good 

Good 

Good 

Good 

Crazing  decreases  with  decrease  in  flint  and  increase 
in  Cornwall  stone.  Crazing  also  decreases  with  increase 
in  temperature.  All  are  opaqne  at  Cone  4.  No.  351  is 
translucent  at  Cone  7.     Slips  H49  to  t\TA  are  translucent 
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at  Cone  9.  No.  351  witlioiit  i;iaze  has  a  beautiful  porcelain 
texture  at  cones  7  and  9.  Its  texture  is  a  beantiful  imita- 
tion of  blue  white  marble. 

Group  IV.    Series  51  to  56. 

SERIES  51. 
(On  Biscuit) 


Constant: 

N.  C.  Kaolin,  1.5;  Tenn.  Ball,  10 

;  Carbonate  of  Soda, 

1. 

Eng. 

Cone   6 

Cone  7 

Cone 

9 

No. 

Flint 

C. 

Stone 

Unglazed 

Glazed 

Unglazed 

Glazed 

Unglazed 

Gla/.-d 

352 

60 

15 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

353 

55 

20 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

354 

50 

25 

Crazed 

Crazed 

Crazed 

Good 

Good 

Good 

355 

45 

30 

Crazed 

Good 

Good 

Good 

Good 

Good 

356 

40 

35 

Crazed 

Good 

Crazed 

Good 

Good 

Good 

357 

35 

40 

Good 

Good 

Good 

Good 

Good 

Good 

358 

30 

45 

Crazed 

Good 

Crazed 

Good 

Good 

Good 

359 

25 

50 

Good 

Good 

Good 

Good 

Good 

Good 

Aside  from  crazing,  slips  fit  the  body  very  well.  Craz- 
ing decreases  with  decrease  in  flint,  increase  in  CornAvall 
stone  and  increase  in  temperatnre.  All  are  opaqne  nt 
Cone  6.  Slips  357  to  359  are  vitrified  at  Cone  7.  Kos.  355 
to  359  are  vitrified  at  Cone  9.  Slip  No.  359  has  a  beautiful 
parian  marble  texture  at  cones  7  and  9.  Series  not  so 
white  as  Series  50. 

SERIES   52. 

(On  Biscuit) 


Constant : 

N.  C.  Kaolin,  25;  Tenn.  Ball,  10;  Carbonate  of  Soda,  1. 

Eng. 

Cone  6 

1              Cone  7 

Cone  9 

No 

Flint 

C. 

Stiire 

Unglazed 

Glazed 

1     Unglazed 

1         G'J-zfd 

Unglazed     1     Glazed 

360 

50 

15 

Crazed 

Good 

Good 

Good 

Good          Good 

361 

45 

20 

Crazed 

Good 

Cracked 

Good 

Cracked    Good 

362 

40 

25 

Good 

Good 

Ciood 

Good 

Good          Good 

363 

35 

30 

Good 

Good 

Good 

Good 

Good          Good 

364 

30 

35 

Good 

Good 

Cracked 

Good 

Good         Good 

365 

25 

40 

Good 

Good 

Good 

Good 

Cracked    Good 

366 

20 

4.5 

Ciood 

Good 

Cracked 

Good 

Cracked    Good 

367 

45 

50 

Good 

Good 

Good 

Good 

Good         Good 
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Slips  have  a.  slight  tendency  to  crack  as  the  tempera- 
ture of  burning  increases.  AH  glazed  slips  were  sotind. 
All  are  opaque  at  Cone  6.  Slips  365  to  3GT  are  Aitrified  at 
Cone  7.    Slips  363  to  367  are  vitrified  at  Cone  9. 

SERIES   53. 
(On  Biscuit) 


Constant: 

X.  C.  Kaolin,  35;  Tenn.  Ball,  IC 

;  Carbonate  of  Soda, 

1. 

Eng 

Cone  6 

Cone  7 

Cone  9 

No. 

Flint 

C. 

S-one 

Unelazed      1         GUzrrt 

Unelazed      I         Gla7ed 

Unelized     |    Glazed 

368 

45 

]0 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

369 

40 

1.1 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

370 

35 

20 

Cracked 

Good 

Cracked 

Cracked 

Cracked 

Good 

371 

30 

25 

Cracked 

Good 

Good 

Good 

Good 

Good 

372 

25 

30 

Cracked 

CJood 

Good 

Good 

Good 

Good 

373 

20 

35 

Good 

Good 

Good 

Good 

Cracked 

Good 

374 

15 

40 

Good 

Good 

Good 

Good 

Good 

Good 

375 

10 

45 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

Good 

Cracking  in  this  series  has  increased  over  that  ob- 
served in  Series  52.  Cracking  has  evidently  increased  with 
increase  in  clay.  Cracking  decreases  with  decrease  in  flint 
and  increase  in  Cornwall  stone,  but  this  is  not  borne  out 
in  all  cases.  Slips  are  all  opaque  at  Cone  6.  Slips  373  to 
375  are  vitrified  at  Cone  7.  Xos.  371  to  375  are  vitrified 
at  Cone  9, 

SERIES   54. 
(On  Biscuit) 


Con 

stant 

X.  C.  Kaolin,  45;  T 

enn.  Ball, 

10;  Carbonate  of  Soda 

,  1. 

Eng. 

Cone  6 

Cone  7 

Cone  S 

Flint 

C. 

Stone 

Un  glazed 

Glazed 

Unglazed 

1        Glazed 

Unelazed 

Glazed 

376 

40 

5 

Cracked 

Good 

Cracked 

Good 

Cracked 

Cracked 

377 

35 

10 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Good 

378 

30 

15 

Craclved 

Good 

Cracked 

Cracked 

Cracked 

Good 

379 

25 

20 

Cracked 

Good 

Cracked 

Good 

Cracked 

Good 

380 

20 

25 

Cracked 

Good 

Cracked 

Good 

Cracked 

Cracked 

381 

15 

30 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

382 

10 

35 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

Cracked; 
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Cracking  has  increased.  Glaze  is  not  able  to  prevent 
cracking-  though  it  reduces  it.  Slips  are  all  opaque  at 
Cones  6  and  7.    Slip  382  is  translucent  at  Cone  8. 

SERIES  55. 

(On  Biscuit) 
Constant:     N.  C.  Kaolin,  55;  Tenn.  Ball,  10;  Carbonate  of  Soda,  1. 


Ene. 

Cone  6 

Coue  7                             Cone  S 

No. 

Flint 

C. 
Stone 

Unglazed    1      Glazi'il 

Unglazod  |     Glazed     ;  Unglazed    i     Glazed 

383 

5 

SO 

Good 

Cracked 

Good          Good           Cxood 

Cracked 

384 

10 

25 

Cracked 

Cracked 

Cracked    Cracked     Cracked 

Cracked 

385 

15 

20 

Good 

Cracked 

Cracked 

Cracked    Good 

Cracked 

386 

20 

15 

Cracked 

Cracked 

Good 

Cracked    Good 

Cracked 

387 

25 

10 

Good 

Cracked 

Cracked 

Cracked    Good 

Cracked 

388 

30 

5 

Cracked 

Cracked 

Cracked 

Cracked     Good 

Cracked 

Cracking  has  steadily  increased  witli  increase  of 
clay.  Increase  of  temperature  seems  to  increase  cracking. 
All  slips  are  opaque  at  Cone  8. 


SERIES   50. 
(On  Biscuit) 


Coi 

istant 

:     N.  C.  Kaolin,  65:  Tenn.  Ball, 

10;  Carbon 

ite  of  Soda 

,  1. 

Nn 

Fliat 

tnj. 
c. 

S'one 

Cone  3 

Cone  5                            Cone  7 

Unslazed        Glazed 

Unglazed   1     Glazed        Unglazed    |     Glazed 

389 

20 

5 

Cracked 

Crazed 

Crazed 

Good 

Good 

Cracked 

390 

15 

10 

Cracked 

Good 

Cracked 

Cracked 

Cracked 

Good 

391 

10 

15 

Cracked 

Crazed 
Cracked 

Cracked 

Good 

Cracked 

Good 

392 

5 

20 

Cracked 

Cracked 

Cracked 

Cracked    Cracked 

Good 

393 

0 

25 

Cracked 

Good 

Cracked 

Cracked    Cracked 

1 

Good 

Slips  are  not  cracked  so  badly  as  in  Series  55,  but 
probably  due  to  the  fact  that  the  slips  in  Series  56  are 
burned  at  correspondingly  lower  temperatures.  Slips  do 
not  craze  but  glaze  shows  crazing  at  Cone  2,  in  fine  zig  zag 
lines. 
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Conclusions  on  Group  IV. 


Crazing:  Crazing  of  slips  decreases  with  decre^ise  in 
flint  and  increase  in  clay  or  Cornwall  stone,  or  both.  In- 
creasing clay  is  more  effective  in  reducing  crazing  than 
increasing  Cornwall  stone.  With  flint  constant,  decreas- 
ing clay  and  increasing  Cornwall  stone  increases  crazing. 
These  observations  are  the  same  as  those  noted  in  the  three 
preceding  groups,  which  shows  the  similar  influences  of 
feldspar  and  Cornwall  stone  upon  crazing  of  slips.  With 
respect  to  the  temperature  of  burning  the  opposite  is  true. 
In  Group  IV,  increasing  burning  temperature  decreases 
crazing. 

Cracking  is  due  to  high  content  of  clay.  Reducing 
clay  and  increasing  flint  or  Cornwall  stone,  or  botli,  re- 
duces cracking.     In  one  series  evidence  is  presented  that 
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iiK-i'casini;'  Cornwall  stone  is  more  effective  in  reducin<>' 
erackiug  than  increasing  Jiiut,  though  this  is  not  borne 
out  in  all  cases  and  is  opposite  to  what  was  observed  in 
Group  I,  with  respect  to  ilint  and  feldspar.  PJxperience 
in  the  manufacture  of  enamel  brick  shows  that  replace 
ment  of  Cornwall  stone  by  Hint  reduces  cracking. 

In  comparing  Groups  I  and  TV  it  is  evident  that  the 
replacement  of  feldspar  by  Covn^Nall  stone  has  given  a 
smaller  field  of  good  slips  on  biscuit  body,  and  has  reduced 
crazing  and  increased  cracking. 

The  limits  of  composition  of  good  slips  on  biscuit 
body  found  in  this  group  are: 

North   Carolina   Kaolin    15  to  35 

English  Cornwall  Stone 15  to  50 

Ohio  Flint    15  to  45 

Tennessee  Ball  Clay  No.  1 10  ,»  ^        ,      , 

Carbonate  of  Soda 1  ^'  '-instant 

Group  V.    8eutes  57  to  62. 

SERIES   57. 
(On  Biscuit) 


Constant 

:     N. 

C.  Kaolin, 

15;  English  Ball  No 

1.  10;  Carbonate  of 

Soda.  1. 

EnK. 

!              Co 

ae   3 

Cone  5 

Cone  S 

No. 

Flint 

C. 

Stone 

1  Uiis:lazecl  1     Glazed 

Unglnzed  |     Glazed 

Unglazed 

Glazed 

394 

60 

15 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

395 

55 

20 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

396 

50 

25 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

397 

45 

30 

Crazed 

Good 

Crazed 

Crazed 

Good 

Good 

398  1  40 

35 

Crazed 

Crazed 

Crazed 

Good 

Crazed 

Good 

399     35 

40 

Crazed 

Good 

Good 

Good 

Good 

Good 

400     30 

45 

Crazed 

Good 

Crazed 

Good 

Good 

Good 

401      25 

50 

Good 

Good 

Crazed 

Good 

Good 

Good 

402      20 

55 

Good 

Good 

Crazed 

Good 

Good 

Good 

Slips  craze  quite  badly.  Glaze  tends  to  prevent  craz- 
ing of  slips.  Crazing  decreases  with  decrease  in  flint,  in- 
creases in  Cornwall  stone  and  increase  in  temperature.  All 
are  opaque  at  Cone  4.  Nos.  401  and  402  are  vitrified  at 
Cone  f).     Slips  309  to  402  vitrified  at  Cone  8. 
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SERIES 

57. 

(On  Bone 

Dry) 

No. 

Cone  3 

Cone  5 

Cone  8 

Unglazed 

Glazed 

Unglazed 

Glazed 

Unglazed 

1      Glazed 

394 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

395 

Crazed 

Crazed 

Crazed 

Good 

Crazed 

Good 

396 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

397 

Crazed 

Good 

Crazed 

Good 

Crazed 

Good 

398 

Crazed . 

Good 

Crazed 

Good 

Cracked 

Cracked 

399 

Good 

Good 

Good 

Good 

Good 

Good 

400 

Good 

Good 

Good 

Good 

Good 

Good 

401 

Cracked 

Good 

Cracked 

Good 

Cracked 

Cracked 

402 

Cracked 

Good 

Cracked 

Cracked 

Cracked 

Cracked 

Slips  fit  quite  well.  Crazing  is  practioallY  tlie  same 
as  that  observed  in  tiie  same  slips  on  biscuit.  Cracking  is 
slight. 

SERIES  58. 
(On  Biscuit) 


Constant:     N.  C.  Kaolin,   25;   English  Ball,   10;   Carbonate  of  Soda.   1. 

No.       Flint 

E"8-  1             Cone  i                          Cone  6 

Cone  S 

Stone  Unglazed  1     Glazed     Unglazed  |     Glazed 

Unglazed  1      Glazed 

403 

50 

15 

Good 

Good 

Good 

Good 

Good 

404 

45 

20 

Good 

Good 

Good 

Good 

Good 

405 

40 

25 

Good 

Good 

Good 

Good 

Good 

406 

35 

30 

Good 

Cracked 

Cracked 

Good 

Good 

407 

30 

35 

Cracked 

Cracked 

Good 

Good 

Good 

408 

25 

40 

Good 

Good 

Good 

Good 

Good 

t09 

20 

45 

Good 

Good 

Good 

Good 

Good 

410 

15 

50 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Cracked 

Good 

Good 


Slips  have  slight  tendency  to  crack  when  applied  too 
thick,  otherwise  they  seem  to  lit  perfectly.  All  are  opnquc 
at  Cone  6.    Slips  407  to  JIO  nre  vitritied  at  Cone  8. 
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SERIES   58. 

(On  Bone  Dry) 


No. 

Cone  i 

Cone  6 

Cone  8 

Unglazed 

Glazerl     1 

Unglazed    1 

Glazed 

Unglazed    1 

Glazed 

403 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

404 

Good 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

405 

Good 

Good 

Cracked 

Cracked 

Cracked 

Good 

406 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

407 

Good 

Good 

Cracked 

Cracked 

Cracked 

Good 

408 

Cracked 

Cracked 

Cracked 

Good 

Good 

Good 

409 

Cracked 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

410 

Cracked 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

Slips  crack  slightly  in  fine  lines.  Some  are  very  good. 
These  slips  would  probably  work  Avell  for  spraying  on 
bone  dry  body. 


SERIES   59. 
(On  Biscuit) 


Constant 

N. 

C.   Kaolin, 

3.5;  Eng-lish   Ball   No 

20,  10;  Carbonate  of 

Soda,   1. 

Ene, 

Cone  2 

Cone  7               1                Cone  S 

No 

Flint 

C. 

Stone 

Unglazed   |     Glazed 

Unglazed   |     Glazed     1    Unglazed  |      Glazed 

411 

45 

10 

Good 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

412 

40 

15 

Good 

Good 

Good 

Cracked 

Good 

Good 

413 

35 

?,0 

Cracked 

Cracked 

Cracked 

Cracked 

Craclved 

Cracked 

414 

30 

25 

Cracked 

Cracked 

Good 

Cracked 

Cracked 

Cracked 

415 

2-, 

30 

Gooa 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

416 

20 

35 

Good 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

417 

15 

40 

Good 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

418 

10 

45 

Good 

Good 

Good 

Good 

Good 

Good 

Cracking  has  increased  more  than  in  Series  58.  Crack- 
ing evidently  increases  with  increase  in  clay.  Replace- 
ment of  flint  by  Cornwall  stone  floes  not  seem  to  influence 
cracking. 
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SERIES   69. 
(On  Bone  Dry) 


No. 

Cone  3 

Cone  7 

Cone  S 

Unglazed    |      Glazed 

Unglazed    |      Glazed 

Unglazed    |      Glazed 

411 

412 
413 
414 
415 
416 
417 
418 

Cracked 

Good 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 

Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 

Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 

Cracking  has  increased  markedly  over  Series  58  on 
bone  dry.    As  a  rule  the  glaze  reduces  cracking. 


SERIES   60. 
(On  Biscuit) 


ConstaJit:     N. 

C.  Kaolin,   45;  English  Ball  No.   20,   10;   Carbonate  of  Soda,   1. 

No. 

Flint 

Spar. 

Cone  3                  |                  Cone    7 

Cone  8 

Unglazed   1      Glazed    i   Unglazed   l     Glazed 

Unglazed  1      Glazed 

419 
420 
421 
422 
423 
424 


35 
30 
25 
20 
15 
10 


10 
15 
20 
25 
30 
35 


Cracked 

Good 

Good 

Good 

Cracked 

Cracked 


Cracked 
Cracked 
Cracked 
Cracked 
Cracked 
Cracked 


Cracked     Cracked    Cracked 
Good  Cracked    Cracked 

Good        I  Cracked  :  Good 
Good  Cracked    Good 

Cracked  \  Cracked    Cracked 
Cracked  i  Cracked    Cracked 


Cj'acJced 
Craclved 
Cracked 
Cracked 
Cracked 
Cracked 


Slips  crack  badlv.  Difference  in  composition  and  heat 
treatment  do  not  seem  to  influence  the  degree  of  crackin-;-. 

SERIES   61. 
(On  Biscuit) 


Constant 

N. 

C.  Kaolin,   55;  English  Ball  No.   20,   10;   Carbonate  of  Soda,   1. 

No. 

FUnt 

Eng. 

C. 

Stone 

Cone  5 

Cone  7 

Cone  8 

Unglazed  1       Glazed 

Unglazed  ■      Glazed 

Unglazed  1      Glazed 

425 

30 

5 

Cracked 

Cracked     Good 

Cracked 

Good 

Cracked 

426 

2b 

10 

Cracked 

Cracked     Cracked 

Cracked 

Good 

Cracked 

427 

20 

lb 

Cracked 

Cracked     Cracked 

Cracked 

Good 

Cracked 

428 

lb 

20 

Good 

Cracked     Cracked 

Cracked 

Cracked 

Cracked 

429 

10 

25 

Good 

Cracked     Cracked 

Cracked 

Cracked 

Cracked 

430 

b 

30 

Good 

Cracked     Cracked 

Cracked 

Cracked 

Cracked 
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Slips  crack  and  curl  up  a  little.     Cracliing  seems  to 
iuerease  by  replacement  of  flint  by  CornAvall  stone. 


SERIES   61. 
(On  Leather  Hard) 


Cone  5 

Cone   7 

Cone  8 

Uuglazed 

Glazed 

TJnglazed 

Glazed 

Unglazed 

Glazed 

425 

Good 

Good 

Good 

Good         1 

Good 

Cracked 

426 

Good 

Good 

Good 

Flaked 

Good 

Cracked 

427 

Good 

Good 

Good 

Good 

Good 

Cracked 

428 

Good 

Good 

Good 

Flaked 

Cracked 

Cracked 

429 

Flaked 

Cracked 

Flaked 

Flaked 

Cracked 

Ci-acked 

430 

Good 

Flaked 

Good 

Flaked 

Cracked 

Cracked 

Slips  were  applied  a  little  too  thick.  Some  flakini;- 
occurs  but  not  bad.  Glaze  flakes  loose  from  slips  in  a  few- 
cases. 

SERIES   62. 
(On  Biscuit) 

Constant:     N.  C.  Kaolin,  65;  English  Ball  No.  20,  10;  Carbonate  of  Soda,  1. 


Flint 

Eng- 

C. 

Stone 

Cone  5 

Cone  7 

Cone  8 

L'Uglfized   1     Glazed 

Ungrlazed    |     Glazed 

Unglazed   |      Glazed 

431 

20 

5 

Good 

Cracked 

Good 

Cracked 

Good 

Cracked 

432 

15 

10 

Good 

Cracked 

Good 

Cracked 

Good 

Cracked 

433 

10 

15 

Cracked 

Cracked 

Cracked 

Cracked 

Good 

Cracked 

434 

0 

20 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

435 

0 

25 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Series  62  on  biscuit:     This  series  cracks  worse  than 
any  other  series  in  the  group.    Slips  curl  up  some. 

SERIES   62. 
(On  Leather  Hard) 


No 

Cone  5 

Coue  7 

Cone  8 

Unglazed    '      Glazed 

Unglazed   1      Glazed 

Unglazed    |      Glazed 

1 

431  '    Good 

432  !    Flaked 

433  Flaked 

434  Good 

435  Good 

Flaked 

Good 

Flaked 

Flaked 

Flaked 

Flaked 

Flaked 

Good 

Good 

Good 

Flaked 
Flaked 
Flaked 
Flaked 
Flaked 

Flaked 

Flaked 

Flaked 

Cracked 

Good 

Flaked 
Flaked 
Flaked 
Flaked 
Good 

Slips  flake  some.    Glaze  also  flakes  a  little.     Slip  No. 
435.  hoxNever,  is  yery  good  at  Gone  8. 
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Conclusions  on  Group  V. 


Crazing  and  Crackiti;/ :  The  observations  on  crazing 
and  cracking  in  Group  V  are  the  same  as  those  of  Group 
IV. 

Flaking:  Flalcing  on  leather  hard  boOv  during  Ijurii- 
Ing  increases  with  increase  in  clay.  Reducing  clay  and 
increasing  flint  or  Corinvall  stone,  or  both,  reduces  flalciiig 
during  burning.  The  opposite  is  true  of  flaking  in  dip- 
ping. 

Comparing  Groups  V  and  IV  shows  a  decrease  in 
number  of  good  slips  on  biscuit  boch-  bv  substituting  Pikes 
No.  20  English  ball  clay  for  Tennessee  No.  1  ball  clay. 
Cracking  and  crazing  have  increased.  (See  comparison  of 
Groups  I  and  11.) 

In  comparing  Gronjis  V  and  11   it  is  sliowii  t!i;U  tlie 
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substitution  of  Cornwall  stone  for  feldspar  has  increased 
crazing  and  flaking.  Cracking  remains  practically  the 
same.  The  fields  of  good  slips  on  biscuit  and  leather  hard 
bodies  are  smaller.  A  few  good  slips  on  bone  dry  body 
appear  in  Group  V  which  are  lacking  in  Group  II. 

The   limits   of   composition    of   good   slips   found   in 
Group  V  are : 


On 

Biscuit 

On  Bone  Dry 

On  Leather  Hard 

North  Carolina  Kaolin 

15 

to    25 

15    to    25 

55   to   65 

English 

Cornwall   Stone... 

15 

to   55 

25   to   45 

5   to   25 

Ohio  Flint    

15 

to   50 

25    to   40 

0   to   30 

Carbonate    of    Soda 

10 

10 

■^J   I  Constant 

Pikes  N 

0.  20  English  Ball. 

1 

1 

Group  VI. 

Series  63  to  68. 

SERIES  63. 

(On  Biscuit) 

Constant 

English  China,  15;  English  Bail  No.   20,  10;  Carbonate  of  Soda,  1. 

Flint 

Eng 

c. 

Stone 

Cone  3 

Cone  6 

Cone  8 

Unglazed  1     Glazed 

Unglazed   |      Glazed 

Unglazed   |      Glazed 

4R6 

fiO 

15 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

487 

5.^ 

20 

Good 

Crazed 

Good 

Crazed 

Good 

Crazed 

438 

50 

25 

Crazed 

Crazed 

Good 

Crazed 

Good 

Good 

439 

45 

30 

Good 

Crazed 

Good 

Crazed 

Good 

Good 

440 

40 

35 

Crazed 

Crazed 

Good 

Good 

Good 

Good 

441 

35 

40 

Good 

Crazed 

Good 

Good 

Good 

Good 

442 

30 

45 

Good 

Crazed 

Good 

Good 

Good 

Good 

443 

25 

50 

Good 

Crazed 

Good 

Good 

Good 

Good 

444 

20 

55 

Good 

Good 

Good 

Good 

Good 

Good 

Slips  high  in  flint  craze.  Glaze  tends  to  prevent  craz 
ing  of  slips.  Crazing  decreases  with  decrease  in  flint,  in- 
crease in  Cornwall  stone  and  increase  in  temperature.  All 
slips  are  o]);u|ii('  at  Cone  3.  Slips  438  to  444  are  vitrified 
at  Cone  9. 
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SERIES   63. 

(On  Bone  Dry) 


Cone  3 

Cone  6 

Cont 

s 

Unglazed 

1      Glazed 

Unglazed 

Glazed 

Unglazed 

Glazed 

436 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

437 

Crazed 

Crazed 

Crazed 

Crazed 

Crazed 

Good 

438 

Good 

Crazed 

Good 

Good 

Good 

Good 

439 

Good 

Crazed 

Good 

Crazed 

Good 

Good 

440 

Good 

Crazed 

Good 

Crazed 

Good 

Good 

441 

Good 

Crazed 

Good 

Good 

Good 

Good 

442 

Good 

Crazed 

Good 

Good 

Good 

Cracked 

443 

Good 

Good 

Cracked 

Cracked 

Cracked 

444 

Good 

Good 

Good 

Good 

Crazed 

Good 

Crazing  of  slips  practically  the  same  as  that  observed 
in  the  same  series  on  biscuit.  Slips  tit  body  very  good, 
though  not  perfectly. 

SERIES   64. 
(On  Biscuit) 


Constant:     English  China.  25;  English  Ball  No.  20.   10;   Carbonate  of  Soda,   1. 


Ene. 

Coi 

e  3 

Cone  6 

Cone  8 

No. 

Flint 

C. 

Stone 

Unglazed 

I     Glazed 

Unglazed 

Glazed 

Unglazed 

Glazed 

445 

50 

15 

Good 

Crazed 

Good 

Crazed 

Good 

Crazed 

446 

45 

20 

Good 

Crazed 

Good 

Crazed 

Good 

Crazed 

447 

40 

25 

Good 

Crazed 

Good 

Crazed 

Good 

Good 

448 

35 

30 

Good 

Good 

Good 

Good 

Good 

Good 

449 

30 

35 

Good 

Good 

Good 

Good 

Good 

Good 

450 

25 

40 

Good 

Good 

Good 

Good 

Good 

Good 

451 

20 

45 

Good 

Good 

Good 

Good 

Good 

Good 

452 

15 

50 

Good 

Good 

Good 

Good 

Good 

Good 

Slips  fit  body  perfectly  aside  from  crazing.  Crazing 
decreases  with  decrease  in  flint  and  increase  in  Cornwall 
stone.     All  are  opaque  at  Cone  2.     Slips  448  to  452  are 


vitrified  at   Cone   0. 
Cone  7. 


Slips   446   to   452   are   vitrified   at 


ILS 
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vSERIES   64. 

(On  Bone  Dry) 


Cone  2 

Cor.e  6 

Cone  7 

No. 

Unglazpfl 

Glazed 

Ullghized 

1       Glazed 

Uuglazed 

Glazed 

445 

Good 

Crazed 

Good 

Crazed 

Cracked 

Crazed 

446 

Cracked 

Cracked 

Cracked 

Crazed 

Cracked 

Crazed 

447 

Cracked 

Craze*^! 

Cracked 

Crazed 

Ci'acked 

Good 

448 

Cracked 

Crazed 

Cracked 

Good 

Cracked 

Cracked 

449 

Crazed 

Crazed 

Cracked 

Cracked 

Cracked 

Cracked 

450 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

Cracked 

451 

Cracked 

Good 

Good 

Good 

Good 

Good 

452 

Good 

Cracked 

Cracked 

Good 

Cracked 

Good 

The  cracking,  which  is  of  the  so-calh^d  ''crowsfool" 
type,  is  not  bad.  Variation  in  composition  and  tempera- 
ture do  not  seem  to  influence  tlie  degree  of  cracking.  Xo. 
451  is  very  good  at  Cones  G  and  7. 

SERIES   64. 
(On  Leather  Hard) 


No. 

CoDe  2 

Cone  6 

Cone  7 

Uuglazed 

Glazed 

Unglazed   | 

Glazed 

Unglazed 

Glazed 

445 

Flaked 

Flaked 

Flaked 

Flaked 

Flaked 

Flaked 

446 

Good 

Flaked 

Good 

Flaked 

Good 

Flaked 

447 

Good 

Good 

Good 

Good 

Good 

Flaked 

448 

Good 

Good 

Good 

Good 

Good 

Flaked 

449 

Good 

Good 

Good 

Good 

Flaked 

Flaked 

450 

Good 

Good 

Good 

Flaked 

Good 

Flaked 

451 

Good 

Good 

Good 

Good 

Good 

Good 

452 

Good 

Good 

Good 

Good 

Good 

Good 

Flaking  appears  to  d(M-rease  with  decrease  of  flint  and 
increase  in  Cornwall  stone.  Ghaze  tends  to  reduce  the 
degree  of  flaking,  but  not  to  ovei-come  it.  A  subsequent 
examination  of  duplicate  trials  slioxNcd  tliat  slips  were 
imperfectly  bonded  before  burning  since  sli])s  coubl  bo 
flaked  off  in  small  patches  by  ]»ressing  with  the  thumb 
nail. 
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SERIES   05. 
(On  Leather  Hard) 


Constant:     English  China,  35;  English  Ball  No.  20,   10;  Carbonate  of  Soda,  1. 

Flint 

Ene. 

c. 

Stone 

Cone  4                      i                      Cone  6 

Cone  7 

LnBlazed      1         Glaz'd             Inelazed      1         Glazed 

Unclazed      1       Glazed 

453 

45 

10 

454 

40 

15 

455 

35 

20 

456 

30 

25 

457 

25 

30 

458 

20 

35 

459 

15 

40 

460 

10 

45 

Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 


Good 

Flaked 

Flaked 

Good 

Good 

Good 

Good 

Good 


Good 

Flaked 

Good 

Good 

Good 

Good 

Good 

Good 


Flaked 

Flaked 

Flaked 

Good 

Good 

Good 

Good 

Good 


Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 


Flaked 

Good 

Flaked 

Good 

Good 

Good 

Good 

Good 


Flaking  is  less  than  in  Series  Oi.  Flaking  decreases 
with  decrease  in  flint  and  increase  in  Cornwall  stone. 
Slips  456  to  466  are  good  hard  slips  at  Cone  7.  No.  460 
i.s  a  dense  white  porcelain. 


sf:ries  66. 

(On  Leather  Hard) 

Constant 

En 

g-lish  China 

45;   Englis 

-h  Ball  No. 

20,  10;  Carbonate  of  Soda,  1. 

No. 

Flint 

Eng. 

c. 

St'<ne 

Cone  2                    | 

C»ne  6 

Cone  7 

L'uglazed 

1     Glazed    1 

Unglazed 

1     Glazed    1 

Un^lazf'd    1     Glazed 

461 

40 

5 

Good 

Good 

Good 

Good 

Good 

Good 

462 

35 

10 

Good 

Good 

Good 

Good 

Good 

Good    - 

463 

30 

15 

Good 

Flaked 

Flaked 

Flaked 

Good 

Flaked 

464 

25 

20 

Good 

Good 

Good 

Good 

Good 

Good 

465 

20 

25 

Good 

Good 

Good 

Good 

Good 

Good 

466 

15 

30 

Good 

Good 

Good 

Good 

Good 

Good 

467 

10 

35 

Good 

Good 

Good 

Good 

Good 

Good 

Slips  fit  body  very  well.  Slip  No.  468  is  the  only  one 
that  showed  any  signs  of  flaking.  Glaze  has  a  tendency  to 
flake  on  the  slips.  Slips  464  to  467  are  excellent  as  to  fit, 
color  and  hardness. 
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SERIES    67. 
(On  I^eather  Hard) 

Constant:     English  China,  55;  Bng-lish  Ball  No.  20,  10;  Carbonate  of  Soda,  1. 


Ei,g. 

Cone  4 

Col 

le  6 

Cone  7 

Flint 

C. 
Stone 

Unelazed 

Glazed 

Unglazed 

c;  la  zed 

Unelazed 

Glazed 

468 

30 

5 

Good 

Good 

Good 

Good 

Good 

Good 

469 

25 

10 

Good 

Good 

Good 

Good 

Good 

Good 

470 

20 

15 

Good 

Good 

Good 

Good 

Good 

Good 

471 

15 

20 

Good 

Good 

Good 

Good 

Good 

Good 

472 

10 

25 

Good 

Good 

Good 

Good 

Good 

Good 

473 

5 

30 

Good 

Good 

Good 

Good 

Good 

Good 

All  slips  fit  body  perfectly.  Xo  cracking  or  fiakiiii;' 
could  be  detected.  This  is  the  best  series  in  the  group. 
Slii)S  470  to  473  are  especially  good  at  Cones  6  and  7. 


SERIES  68. 

« 

(On  Leather  Hard) 

Constant: 

English  China,  65;  English  Ball 

,  10;  Carbonate  of  Soda,  1. 

Ml.. 

Cone  4 

Cone  6 

Cone  7 

No 

I'lim 

C. 
Srone 

UneUzed 

Glazed 

Unglazed 

Glazed 

Unelazed      |         Glazed 

474 

20 

.5 

Good 

Good 

Flaked 

Flaked 

Flaked 

Flaked 

47.'> 

15 

10 

Good 

Flaked 

Flaked 

Flaked 

Flaked 

Flaked 

476 

10 

\h 

Good 

Good 

Good 

Good 

Good 

Good 

477 

5 

•20 

Good 

Good 

Good 

Good 

Good 

Good 

478 

0 

25 

Good 

Good 

Good 

Good 

Good 

Good 

Slips  high  in  clay  and  flint  have  a  tendency  to  flake. 
Decrease  of  flint  and  increase  of  Cornwall  stone  has  re- 
duced flaking.     Slips  477  and  478  are  very  good. 


ox    THE   MAXUFACTLRE   OF   EXA.MEL    BRICK. 


761 


TRANS,  AM  CER.  50C.  VOL.  XII. 

Oroufi  W- 

M.  G.  B.  £nq.  China  ^/5to  63 
Encf.  C.  Jtone         =  StoSo 
OhiodHr.riint       -^Otoeo, 

Con  jtant6  A'ot Fiotted  A 

Cartonate6oo(a^fi 

ti-N. 


A=  Oooc(  On  Biscuit 

a  =       ■'         "    ^eat/ierHar'ci 

K  »  Crazed  On  Bf'^cc/f'f 


O   Oood  On  Bo7Teff7^u        <y  xO 
F   r/afCed  O/?  leat/?Gf^Hard  -  J 


Conclusions  on  Group  VI. 

Cruzing  :  Practically  the  same  couchisions  on  crazing 
of  the  slip  applv  in  this  group  as  those  observed  in  Groups 
IV  and  V. 

CracJciiig:  Very  little  cracking  occurred  in  slips  ap- 
plied to  bone  dry  body.  Xo  crackijig  occurred  in  slips 
applied  to  biscuit  and  leather  hard  bodies. 

Flak'nig:  Slips  both  low  and  high  in  clay  sliowcd  a 
tendency  to  flake.  Evidently  slips  low  in  clay  were  im- 
perfectly bonded  before  burning.  Flaking  decreases  with 
decrease  in  flint  and  increase  in  Cornwall  stone. 

A  comparison  of  Groups  VI  and  V  shows  tJiat  tlie 
substitution  of  31.  G.  R.  English  China  clay  for  North 
Carolina  kaolin  has  decreased  crazing,  cracking  and  flak- 
ing.    The  flelds  of  good  slips  on  biscuit  body  are  practi- 
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cally  the  same  size.  A  larger  number  of  good  slips  appear 
on  bone  dry  bod}^,  and  the  field  of  good  slips  on  leather 
Iiard  body  has  expanded  to  a  comparatively  large  area. 
I'he  slips  are  also  superior  in  whiteness  and  vitrify  at 
loA\er  temperatures. 

A  comparison  of  Groups  YI  and  III  shows  that  the 
substitution  of  English  (Jornwall  stone  for  feldspar  has 
decreased  crazing,  cracking  and  flaking.  The  fields  of 
good  slips  on  biscuit  and  leather  hard  bodies  have  in- 
creased and  good  slips  on  bone  dry  were  obtained,  which 
are  absent  in  Series  III. 

The  limits  of  comijosition  of  good  slips  found  in 
Group  VI  are : 


On    Biscuit 

On  Leather  Ha  d 

On  Bone  Dry 

M.  G.  R.  English  China  Clay. 

English    Cornwall    Stone 

Ohio   Flint    

Pikes  No.  20  Eng.  Ball  Clay. 
Carbonate  of  Soda   

15   to   25 

25   to    55 

15    to   50 

10 

1 

25    to    65 

5    to   50 

0   to    45 

10 

1 

15   to  25 

25   to   55 

20   to    50 

10 

1 

GENERAL  DEDUCTIONS. 


From  previous  practical  experience  in  the  manufac- 
ture of  enamel  brick  and  from  the  foregoing  investiga- 
tions, the  following  rules  are  giA'cn  for  overcoming  defects 
in  enamel  brick  slips: 
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Defects  Arising  in  the  Application  of  the   Slips   and 
Remedies  for  the  Same. 


Principal 
Detects 


Pinholes 


Cracking 


Flaking 


1.  Using  fresbly  made  slips. 

2.  Dust   on   the    surface   of 
brick. 

3    Pinholes    in   the   surface 

of  the  brick. 
4.  Bad   dipping. 


5.  Too  high  content  of  claj' 
in  slip. 


6.  Slips   too   high   in   China 
clay  or  kaolin. 


7.  Allowing  leather  hard 
body  to  get  too  dry  be 
fore   dipping. 

8.  Applying   slip   too   thick. 

9.  Too  fine  grinding  of  slip. 


10.  Using  slips  too  low  in 
clay. 

11.  Slips  too  high  in  China 
clay  or  kaolin. 

12.  Oil  or  dust  on  dipping 
surface. 

13.  In  dipping  on  leather 
hard ;  dipping  before 
brick  have  hardened  suf 
ticiently. 


1.  Age  slips  a  week  or 
more. 

2.  Remove  all  dust  or  scrub 
the  surfaces  to  be  dip- 
ped. 

3.  Scrub  surfaces  to  be 
dipped. 

4.  (See  Fig.  1,  p.  717.) 


5.  Reduce  clay  and  increase 
the  non-plastic  portion, 
or  add  a  soluble  mater- 
ial as  carbonate  of  soda, 
borax  or  silicate  of  soda. 

6.  Decrease  China  clay  or 
kaolin  and  increase  ball 
clay,  or  add  a  soluble 
material. 

7.  Dip  brick  in  a  softer 
condition. 

8.  Do  not  apply  slip  over 
.05  of  an  inch  thick. 

9.  Blunge  slips  instead  of 
grinding. 


10.  Increase  clay  and  de- 
crease non-plastic  por- 
tion. 

11.  Decrease  China  clay  or 
kaolin  and  increase  ball 
clay. 

12.  Scrub  surfaces  to  be 
dipped. 

13.  Allow  brick  to  reach  a 
firm  leather  hard  condi- 
tion before  dipping. 
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Slip  Defects  Arising  in  Burning  and  Remedies  for  the 

Same. 


Principal 
Defects 


Crazing 


Cracking 


Flaking 


14.  Slips  too  high  in  flint.     ]  14. 


15.  Slips    too    high    in    feld- 
spar  or   Cornwall   stone. 


16.  AVith  feldspar  as  a  flux;| 
burning  slips  at  too  high  I 
a  temperature.  j 

17.  With  Cornwall  stone  as 
a  flux;  burning  slips  at 
too  low  a  temperature. 


16. 


Reduce  flint  and  in- 
crease clay,  feldspar  or 
Cornwall  stone. 
Reduce  feldspar  or  Corn 
wall  stone  and  increase 
clay. 

Reduce    burning   temper- 
ature. 

Increase     burning     tem- 
perature. 


18.  Too  high  content  of  clay 
in  slips. 

19.  Too  high  content  of  feld- 
spar or  Cornwall  stone 
in  slips. 


20.  Dipping    slips   too    thick, 

21.  Too  high  content  of  clay 
in  slips. 

22.  Too  high  content  of  feld- 
spar in  slips. 

23.  Too  high  content  of  flint 
in  slips. 

24.  Burning  slips  at  too  high 
a  temperature. 


18.  Reduce  clay  and  in- 
crease flint,  Cornwall 
stone   or   feldspar. 

19.  Reduce  feldspar  or  Corn- 
wall stone  and  increase 
flint. 


20.  Same  as  No.  8. 

21.  Reduce  clay  and  in- 
crease Cornwall  stone, 
flint    or  feldspar. 

22.  Reduce  feldspar  and  in- 
crease   Cornwall    stone. 

23.  Reduce  flint  and  in- 
crease  Cornwall   stone. 

24.  Reduce  burning  temper- 
ature. 


SLIPS  TESTED  AS  ENGOBES  FOR  STONEWARE. 

The  ijr(»l)leiii  of  producing  a  slip  or  ciigobe  to  be  used 
as  a  white  liuing-  for  stoneware  was  confronted.  Slips  No. 
202,  298,  464  and  470  were  selected  as  the  starting  point. 
Tliese  slips  were  applied  to  three  different  stoneware  clays, 
viz. :  Whitehall  clay  from  Whitehall,  111.,  having  a  com- 
paratively high  shrinkage :  Macomb  clay  of  medium 
shrinkage  from  Macomb,  111. ;  Bloomingdale  clay  having  a 
comparatively  low  shrinkage  from  I^loomingdale,  Ind. 

Trials  were  made  in  the  form  of  cups,  jiggered  in  one 
piece.     Cups  were  taken  from  the  molds,  finished  leather 
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hard,  and  slips  applied  to  the  inside  in  two  coats.  Over 
this  a  clear  glaze  was  a]>plied  in  one  coat.  The  slip  and 
glaze  were  scraped  off  at  the  outside  rim.  A  brown  glaze 
was  applied  to  the  outside  by  sinking  the  cup  down  into 
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the  glaze  until  the  brown  glaze  touched  the  white  slip  and 
glaze  extending  over  the  rim.  The  cups  were  dried  and 
burned  at  Cone  3.  All  four  slips  worked  joerfectlv  on  all 
three  stoneware  bodies. 

DISCUSSION. 

Mr.  Raynsuy:  There  is  a  lot  I  A\'ould  like  to  say  on 
tJiis  subject,  as  it  is  an  interesting  one,  but  the  trouble 
Ave  have  in  the  enamel  brick  business  is  not  with  the  slips 
but  in  the  cost  of  manufacture  and  results  out  of  kilns. 

I  know  ^fr.  t^tull  has  put  a  good  deal  of  time  and  work 
on  his  paper,  and  I  agree  with  him  on  mam-  of  his  results. 
To  get  a  slip  as  near  to  the  clays  as  possible  you  have  to 
use  lime,  and  when  that  is  added  it  changes  the  results 
entirely.  He  made  the  claim  that  the  slip  will  peal  off 
with  the  dry  clay.     I  would  like  to  take  exception  to  the 
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remark  for  the  reason  that  ball  clav  will  not  come  ofC. 
With  China  clay  it  will  come  off,  but  by  a  mixture  of  both 
it  will  not  come  otf. 

Mr.  StuU :  I  do  not  think  ]Mr.  llamsay's  statement  is 
antagonistic  to  what  has  been  brought  out  in  my  paper. 
If  a  slip  is  high  enough  in  ball  clay  it  Avill  cling  to  the 
i)Ocly.  Enamel  brick  makers  as  well  as  potters  are  limited 
in  the  amount  of  ball  clay  they  can  use  on  account  of  the 
bad  color  it  imparts.  For  this  reason  1  used  ten  per  cent 
ball  clay  as  the  high  limit  in  all  slips. 

It  is  quite  essential  to  have  some  ball  clay  in  the  slip, 
but  as  a  rule  the  less  ball  clay  present  the  better  color  you 
get.  M}^  experience  shows  that  a  slip  made  from  ball  clay 
will  stick  very  well  but  will  crack  badly.  Ball  clay 
possesses  better  adhesive  qualities  than  China  clay  or  kao- 
lin, and  seems  to  adjust  itself  better  to  the  body  botli  in 
drying  and  burning. 

Mr.  AsJiJcjj:  I  think  to  sliglitly  inci'case  the  Clnna 
chiy  slip  by  adding  a  small  quantity  of  silicat!'  (^f  soda, 
will  give  some  of  the  general  cliaracteristics  of  Imll  clay. 

Mr.  Ramscuj:  It  may  be  in  certain  respects,  if  you 
add  a  certain  percentage  of  silicate  of  soda  you  destroy 
tlie  working  qualities  as  regards  the  dipping.  I  suppose 
the  idea  is  to  decrease  the  water  content  and  that  only 
affects  the  drying  shrinkage.  There  is  no  effect  afterwards, 
of  coitrse,  and  I  think  the  difference  is  so  ."flight  that  it  is 
hardly  worth  trying. 

Mr.  StiiU:  My  expei-ience  in  using  silicate  of  soda 
was  that  it  caused  the  slip  to  settle  very  rapidly  and  cake 
hard  at  the  bottom.  It  requires  constant  agitation  to 
keep  the  slip  in  suspension.  Perhaps  I  was  using  too  high 
a  percentage,  although  it  was  only  '%  of  one  per  cent,  how- 
ever. 

Mr.  Ashley:  I  would  suggest  that  even  1/10  of  one 
per  cent  of  silicate  of  soda  acts  very  vigorously  on  clay, 
and  we  should  experiment  with  1  '100  of  one  ivn-  <un\t 
rather  than  1/10. 


ox    THE    :\IAXrFACTURE   OF   ENAMEL    BRICK.  767 

Mr.  Worcr.stcr:  I  avouUI  like  to  ask  Mr.  Stiill  if  he 
lias  studied  the  hardness  of  these  slips  Avith  the  various 
(outeuts  of  spar.  lu  some  work  we  have  heen  doing  at 
Ohio  State  that  was  one  of  the  requirements  to  produce  a 
hard  or  nearly  steel  hard  slip  and  I,  of  course,  am  very 
much  interested,  and  was  wondering  if  Mr.  Stull  had  ob- 
served this  point  in  particular  or  at  all. 

Mr.  StitJI :  When  each  slip  was  shaken  up  and  turned 
out  of  the  can  before  dipping,  a  little  of  it  was  cast  into 
trials,  134''  long,  i/V'  wide  and  ^4''  thick.  These  were 
placed  in  the  sagger  and  l)urned  with  the  dipped  trials  and 
used  to  determine  the  porosity.  It  A\as  desirable  to  know 
what  was  the  limit  of  porosity  for  these  slips  which  would 
withstand  the  freezing  test.  That  part  of  the  work  is 
under  way  at  the  present  time. 

Mr.  Stover:  I  would  like  to  ask  what  percentage  of 
absorption  you  got,  or  was  it  around  I'^c?  You  spoke  of 
laaking  trials  for  absorption  for  your  slij)s  and  that  would 
follow  in  your  paper.  I  happen  to  be  looking  along  that 
line  just  now  and  would  like  to  know. 

Mr.  Si  till :  There  are  tyro  methods  of  determining  the 
porous  nature  of  brick.  One  is  the  percentage  of  absorp- 
tion and  one  is  the  percentage  of  porosity.  The  absorption, 
as  we  know,  is  usually  determined  by  weighing  the  brick 
dry  then  soaking  it  48  hours  and  weighing  it  again.  By 
observing  the  increase  in  weight  and  dividing  that  increase 
by  the  weight  of  the  brick  gives  Avhat  is  called  percentage 
absorption.  The  percentage  porosity  is  approximately  2V2 
times  percentage  absorption.  The  porosity  of  these  slips 
was  determined  by  Prof.  Purdy's  formula.  The  porosities 
of  the  slips  have  varied  according  to  the  kind  and  amount 
of  flux  and  the  temperature  of  burning.  Perfect  fitting- 
slips  Avere  obtained  from  as  soft  as  chalk  up  to  a  hard 
vitritied  and  glossed  condition. 

Mr.  Stover:  And  do  you  not  remember  in  figures 
wliat  the  result  was? 

Mr.  Still] :     Xo,  I  do  not. 


THE  TECHNICAL  CONTROL  OF  THE  COLLOID 
MATTER  IN  CLAYS.* 

Harrison  Everett  Ashley,  Pittsburg,  Pa. 

It  is  believed  tliat  the  year's  laboratory  work  on  the 
colloid  matter  of  clays  has  resulted  in  obtaining  so  definite 
an  understanding  of  its  chemical  nature  that  hereafter  it 
will  be  possible  to  control  positively  the  colloid  matter  in 
any  clay  or  clay  mixture.^ 

The  year's  results  may  be  concisely  and  strikingly 
summed  up  by  saying  that  the  chemical  reactions  of  the 
colloid  matter  of  clay  are  remarkably  similar  to  those  of 
fats  and  soaps,^  that  the  conditions  of  solubility  and  in- 
solubility are  remarkably  parallel,  but  that  the  colloid 
matter  of  clay  is  probably  more  readily  acted  upon.  Thus, 
in  a  general  way,  the  sodium,  i)otassium  and  ammonium 
salts  of  the  fatty  acids  are  soluble  in  water;  and  the  sod- 
ium, potassium  and  ammonium  sols  of  elay  colloids  are 
soluble  in  water.  The  free  fatty  acids  are  insoluble  in 
water^  and  the  acid  gels  of  clay  are  insoluble  in  water. 
The  bivalent  and  trivalent  bases  form  insoluble  salts  with 
soaps  and  insoluble  gels  with  clay  colloids.  Both  soaps 
and  cla}^  sols  may  be  salted  out  of  solution  by  dissolving  in 


*By  permission  of  the  Director  of  the  United  States  Geological  Survey. 

^  This  paper  will  be  more  completely  understood  if  the  reader  is  familiar 
with  the  writer's  papers  of  last  year,  but  the  endeavor  will  be  made  to  have 
it  sufficiently  complete,  without  repetition,  to  be  clear.  Trans.  11,  530-595 
(1909).     U.   S.  G.   S.,  Bulletin  388   (1909). 

2  Keppeler  [Z.  fur  angew.  Chemie.  22  [2],  526-7  (1909  March  12)],  has 
noted  a  parallelisTn  between  the  emulsification  of  fats  by  soaps  and  the  effects 
produced  by  salts  of  acids  of  high  molecular  wei.ghts  upon  clays,  but  does 
not  seem  to  have  carried  the  idea,  further. 

^  Although  the  fatty  acids  occurring  in  fats  are  insoluble  in  water,  the 
simplest  members  of  the  chemical  series  to  which  they  belong  are  soluble. 
This  will  be  discussed  further  under  oxalic  acid  and  tannic  acid. 
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the  solution  cheniical  salts  that  have  more  affinity  for 
water  than  liave  the  soaps  or  gels  so  salted  out. 

Tlie  proof  of  these  conceptions  is  that  they  are  not  in- 
consistent with  the  known  facts  about  clays,  that  they 
haye  proyed  a  most  helpful  and  suggestive  guide  in  plan- 
ning these  investigations,  and  that  they  have  never  misled. 

A  few  representative  cases  of  the  clav  colloid  reac- 
tions will  be  thoroughly  described,  and  then  special  appli- 
cations will  be  considered. 

THEORY. 

We  will  first  consider  a  clay  composed  of  granular 
matter,  calcium  gels,  and  a  very  little  calcium  sulphate. 
Such  a  clay  is  the  Georgia  sagger  clay  (kaolin)  of  the 
Hall  Clay  Co.^  Into  each  of  four  glass  stoppered  100  cc. 
graduated  tubes  was  put  98  cubic  centimeters  distilled 
water,  then  five  grams  of  the  clay.  This  marie  a  total 
volume  of  100  cc.  The  tubes  were  rotated  on  the  shaking 
machine  (Fig.  1)  for  one  hour  and  allowed  to  stand.  They 
then  contained  as  follows : 

Tube 

cc.  clear   liquid    

cc.  sediment     


A 

B 

C 

D 

82 

82 

83 

81 

18 

18 

17 

19 

The  hydrogen  ion  concentration  of  the  clear  liquid 


*  Five  grams  of  this  clay  was  rotated  with  9S  cc.  water  for  one  hour  and 
allowed  to  settle  over  nig-ht.  Qualitative  tests  on  the  clear  liquid  showed  a 
little  chlorine,  a  little  sulphuric  anhydride,  no  iron  or  aluminum,  a  little 
calcium  and  a  very  little  alkali.  Another  5  gram  portion  was  similarly  treated 
with  97  cc.  water  and  1  cc.  hydrochloric  acid  (S.  G.  1.20).  Qualitative  tests 
showed  a  little  sulphuric  anhydride,  no  iron  or  aluminum,  very  decidedly 
more  calcium  than  the  water  extract,  and  about  the  same  test  for  alkalis. 
Magnesia  was  not  treated  for.  More  painstaking  tests  on  the  extract  from 
larger  amounts  of  clay  would  doubtless  have  shown  other  constituents.  These 
tests  were  sufficient,  however,  to  show  that  the  soluble  salts  are  mainly  a 
trace  of  alkali  chlorides  and  calcium  sulphate.  'Die  action  of  hydrochloric 
acid  on  the  clay  I  consider  to  have  been  2  H  CI  r  Ca  gel  =Ca  CL  -f-  H„  gel,  i.  e., 
easily  removable  calcium  was  taken  from  the  gel  and  hydrogen  left  in  its 
place. 


770 


TECHNICAL  CONTROL  OF  COLIX)IDS  JN   CLAYS. 


was  1.10  '■  uornial.''  75  cc.  of  the  clear  liijuifi  was  siplioncl 
i)ff,  replaced  by  pure  water,  and  the  tube  aiiain  sliakeii 
and  allowed  to  stand.  Tliis  was  equivalent  to  diluting  tlie 
rirst  portion  of  licpiid  to  four  times  its  ori_i>iiiai  volume. 
This  was  repeated  until  tlie  equivalent  of  a  dilution  of 
8,000  times  was  reacheil.  For  tube  T>  the  effect  was  meas- 
ured as  follows : 

Dilution     0  4  20        100  500  2000     8000 

cc.  clear     85  84  81.5      82  81         81      

cc.  sediment     15  3  6  18.5     18  19        19      

H  ion  cone,   normality 1.10-^  ..  1.10"'  I.IQ-'  ...     1.10-- 


This  increase  in  bulk  of  sediment  has  been  noticed  in 
other  eases  where  a  clay  and  an  orifjinal  portion  of  liijuiil 
have  been  repeatedly  shaken  Avithout  any  replacemenis  of 


^  The  acid  or  alkaline  strength  of  any  li(|uiil  is  given  by  the  concentra- 
tion of  the  hydrogen  ions;  for  example,  tenth  normal  liydrochloric  acid  is 
1.10-=  normal  in  hydrogen  ions,  the  distilled  water  of  our  laboratory  1.10-^ 
normal  to  1.10-",  the  purest  water  1.10-',  the  tap  water  of  our  laboratory  1.10~*, 
tc-nth  normal  sodium  carbonate  1.10-'-,  concenti-ated  ammonia  1.10-".  Tliese 
determinations  were  m.ade  by  the  convenient  system  of  indicators  described 
by  Ed.  Salm  [Z.  r'lysik,  Chemie.  57,  471-501  (1907);  Chemical  Abstracts.  1,  (iS4 
(1907)  ]. 


c 

D 

10 

30 

5 

li) 

)o 

80 
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the  liquid.  It  is  also  uoticed  wlieii  a  series  of  tests  is 
Jiiade  upon  equal  weights  of  a  clay  with  different  Yolumes 
of  water.  The  sediment  is  most  coiiipact  where  the  least 
water  is  used. 

After  reaching  a  dilution  of  8000,  the  tubes  were 
treated  as  follows : 

Tube  A  T3 

Removed   cc 1  -J 

Added  cc.  0.1  X  XaOH ii .  i  y 

Total   volume,  cc 99  96 

After  shaking  one  hour  and  standing  over  night  read- 
ings were  made,  then  further  additions  and  shakings  were 
made  several  times.    The  results  are  in  this  table: 

Additions  of  Tenth  Normal  Sodium  Hydroxide  to  Hall 
Clay  Co.  Georgia  Sagger  Clay  i  Kaolin  i. 

Tube  A  B 

cc.    added    0       0.1       0.3       0.5       0.7  1  2  3  4 

C 81    80.5     

N.    C 

T 78.5  5  2  1  1     Trace  1 

D.    T 

D 84         92     88.5         91        93.5         93 

S 19     19.5     20.5         11  6       5.5  5  4.5  5 


c 

D 

5 

7 

8 

10 

10 

15 

20 

30 

78 

i 

3 

"2 

74 

"12 
64.5 

60 

"64 

"68 

85.5 

74 

.  5 

8.5 

19 

.5 

22 

23.5 

20 

21 

22 

22 

[Throughout  this  paper  the  following  abbreviations 
r-re  used:  C — clear,  Mf — nearly  clear,  T — Turbid  (ob- 
jects can  still  be  detected  through  the  liquid),  DT — deeply 
turbid  (objects  can  no  longer  be  detected,  but  light  is  very 
evidently  transmitted),  D — dense  (little,  if  any,  light  is 
transmitted) ,  S — sediment.] 

IMv  interpretation  of  the  above  results  is  tliat  the  sod- 
iuDi  displace.^  first  auy  acid  hydroLicu  in  tlie  gel   '  i»rol)ably 
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nearly  quantitatively),  second  that  the  sodium  displaces 
calcium  in  the  gel.  The  sodium  compound  so  formed  is 
soluble  in  water,  and  goes  into  suspension  as  the  sodium 
sol  of  this  clay.  There  is  also  in  solution  the  displaced 
calcium  and  the  excess  of  sodium  hydroxide. 

When  a  certain  concentration  of  these  is  reached,  the 
sodium  colloid  is  salted  out'''  of  solution  by  these;  which 
accounts  for  the  larger  bulk  of  sediment  and  the  clarifica- 
tion of  the  solution  with  the  larger  additions. 

The  clay  colloid  molecule  that  thus  goes  into  solution 
or  suspension  is  probably  quite  complex,  a  ery  likely  a  poly- 
mer" of  variable  size.  The  replacement  of  calcium  by  sod- 
ium is  probabl^^  not  complete,  but  variable,  in  accordance 
with  the  mass  action  law,  and  the  molecule  goes  into  sus- 
pension when  there  is  a  certain  balance  between  the  two 
elements. 

While  in  ordinary  solutions  the  forces  that  keep  the 
molecules  in  solution  far  over-balance  that  of  gravitation, 
they  are  probably  only  just  sufficient  in  the  case  of  the 
larger  clay  particles  to  retard  the  fall  of  the  immense  poly- 
merized clay  molecules;  so  that  one  sample  of  clay  settles 
clear  in  5  minutes,  another  in  an  hour,  another  in  24  hours, 
another  in  a  month,  or  a  year,  and  finally  sufficiently  large 
forces  and  small  sizes  are  reached  tliat  the  particles  are  in 
permanent  solution.    It  is  a  boundary  wliere  solution  and 

^  "Salting  out"  is  a  phrase  employed  in  connection  with  the  manufacture 
of  soap.  At  one  stage  of  the  process  the  soap  is  ver>-  intimately  mixed  or 
dissolved  in  a  considerable  quantity  of  water.  Addition  of  a  suitable  amount 
of  common  salt  causes  a  separation  into  a  laj'er  of  soap  and  a  layer  of  salt 
water. 

"  A  polymer  is  built  up  by  the  combination  of  two  or  more  molecules  of 
the  same  kind.  As  the  observed  osmotic  pressures  of  colloidal  solutions  are 
always  less  than  calculated  for  the  total  number  of  simple  molecules  present 
(J.  Duclaux:  J.  chim.  phys..  7,  405-46;  Chemical  Abstracts.  4,  405  (1910)  ).  it 
is  most  probable  that  some  of  the  molecules  are  polymerized;  thus  reducing 
the  total  number  of  molecular  groups  to  what  properly  corresponds  to  the 
actual  osmotic  pressure.  J.  M.  VanBemmelen  fZ.  anorg.  Chem.,  42,  300 
(1904)  ]  considers  that  alumina  gel,  in  its  successive  stages  of  dehydration, 
exists  as  a  series  of  hydrated  polymers.  A.  Lottermoser  [Z.  angew.  Chem., 
22,  2417-2423  (1909)  ]  considers  that,  under  the  in.luence  of  electrolytes,  the 
single  molecules  assemble  into  molecular  complexes,  which  last  process  may 
continue  until  we  see  visible  precipitates  in  solutions. 
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suspension  overlap  or  are  identical.  The  clay  colloid  is 
very  reactive,  but  only  slisihtly  soluble;  hence  its  reac- 
tions are  most  noticeable  in  very  dilute  solutions. 

In  another  experiment  with  the  Hall  Clay  Go's  Geor- 
gia Sagger  Clay  (Kaolin),  it  was  attempted  to  have  the 
hydrogen  gel,  or  free  acid  colloid.  Into  each  of  four  tubes 
was  put  1  cc.  strong  hydrochloric  acid,  97  cc.  water,  and 
5  g.  clay.  These  were  shaken  one  hour,  allowed  to  settle, 
decanted,  and  refilled,  till  the  equivalent  of  a  dilution  8000 
times  the  first  volume  was  reached.  The  liquid  over  the 
clay  was  brilliantly  clear  at  all  stages  of  dilution.  Then 
additions  of  sodium  hydroxide  were  made  as  in  the  pre- 
ceding experiment,  with  results  as  follows: 

Tube  G  H 

cc.  0.1  N  NaOH 0  0.1  0.3     .      0.5       1     2  3 

C     72.. 5     71  77  74         71      

NC     

T     1  1 

DT    

D     90 .  .5     92 

S     27.5     28  22  26         25       5.5       5 

I  .J 

5  7         8.5         10  15  20  t-lO*         50*         75*       100* 

i        i       1  i  1  2        20        51        hi       ..'.'. 

64  27  

89         91       92.5         73  7?..  5       88  

5  5         5  6  5.5  ?  16  23  21         17.5 

This  is  interpreted  as  a  removal  in  the  form  of  chlor- 
ides of  the  bases  that  made  coagulated  gels,  and  a  replace- 
ment by  hydrogen,  which  also  gives  coagulated  gels.  Then 
the  sodium  hydrate  reacted  forming  water  and  the  sodium 
sol  of  the  colloid: 

H  gel+NaOH  =  H,0+Na  sol. 

When  an  excess  of  sodium  hydroxide  was  used  it 
reached  such  a  decree  of  saturation  of  the  water  that  the 


*  These  additions  were  made  with  2.5  n.  NaOH.  Therefore  the  volume 
was  increased  only  one  twentv-fifth  tlie  amount  that  would  he  due  to  — 
NaOH. 
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sodium  sol  could  uot  longer  remain  in  solution,  but  was 
coagulated  or  salted  out. 

The  behavior  of  the  untreated  clay  was  almost  the 
same  as  that  of  the  water  extracted  claj'. 

These  relations  are  more  plainly  shown  in  Fig.  2. 


100 


80 
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CHdd.LtLonsOf6odiu7niJ^droxide  7b Kaolin. 


-Untreated 


(teJ 


jT^ 


^Ocf, 


■Extvaccted  Wit/i  Wai 

Extracted  With sjHi/clro- 

chloric  C(.cid,foUowedWuWaten 

■»^60| — c   =■  Clear'     -j 

T   =  Ti/rbid      I 
OT  =  Dee/7 1^  TuTbid 
o    =r  Dense 

Tot  at  VolJOOtcc 


'^<^7^, 


4 


Ga  (Jaeger C/ay, 
jVatt    Clay  G. 


10  ZO     ^  30      40      50     fcO    70     80     90    iOO 

l^oi.    Of    renth  /Vof'riat  'Jodiam    /^yc^T^oxctde    cucm. 


The  sodium  does  uot  displace  calcium  with  the  gel 
quantitatively,  but  partially,  in  accordance  with  the  mass 
action  law.  If  the  calcium  phase  is  partly  removed,  as 
Avith  clays  containing  soluble  salts  by  the  repeated  ex- 
tractions with  water,  or  wholly  removed,  as  by  extractions 
with  hydrochloric  acid  and  Avater,  then  the  reaction  will 
go  further  and  a  larger  proportion  of  the  sodium  sol  will 
be  formed. 

A  similar  investigation  was  made  of  the  No.  1  light 
sagger  clay  of  James  P.  Prall,  Woodbridge,  X.  J.  This 
clay  closely  resembles  J.  R.  Cutter-s  Xo.  1  sagger  clay  and 
P.  L.  Ryan's  No.  1  sagger  clay,  and  behaves  in  many  re- 
spects like  Geo,  Knowles  &  Sons'  No.  12  English  Ball 
Clay. 

In  this  case  the  soluble  salts  were  removed  from  the 
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clav  by  a  dialysis  lasting  two  mouths,  in  which  the  water 
was  changed  33  times,  a  total  A'oliime  of  10.025  liters  being 
used.  To  prevent  contamination  with  glass,  the  dialyser 
was  coated  with  i^arafine,  and  the  extract  was  concen- 
trated in  a  block  tin  pan.  (In  the  following  analysis  tin 
and  lead  were  determined  and  deducted).  The  parchment 
paper  used  was  treated  for  several  days  in  the  dialyser  to 
remove  soluble  sulphates  before  introducing  the  clay.  The 
extract  was  analyzed  by  Mr.  A.  J.  Phillips,  aualvticnl 
chemist,  in  the  t^tructural  ?.[aterials  Laboratoi-y: 

Dialysed  Extract  of  Jas.  P.  Prall's  No.  1  Sagger  Clay. 

Silica  (SiO,,),  per  cent,  of  clay... 0.091     50  grams  sample 

Alumina    (Al.O ,)    0 . 205     Started  09-3-22. 

Ferric  oxide    (Fe„0,) 0.149     Stopped   09-5-15. 

Lime  (CaO)    0.085     33  changes  of  water. 

Magnesia  (MgO)    0.001    16.625  liters  water  used. 

Sulphuric  anhydride  (SO,)   0.174 

Sodium  oxide    0 .  033 

Potassium  oxide    0.039 

Organic    0 .  064 

N'ot  determined    (includes  water. 
CI,  etc.)    1.033 

Total,  dried  ra  11(r- 1 .  876 

The  percentage  of  silica  shown  was  puzzling.  r)ur 
research  laboratory  is  far  from  dust-free;  but  we  liad  taken 
all  precautions  circumstances  allowed  to  exclude  it.  Dr. 
Oswald  Schreiner,  who  is  well  known  for  his  excellent 
work  on  the  subject  of  soil  substances  poisonous  to  vegeta- 
tion, has  assured  the  writer  that  in  his  dialyses,  a  portion 
of  silica  is  invariably  found  in  the  extract.  Suida^  treated 
250  kaolin  with  1  g.  ash  free  fuchsin,  filtered,  and  obtained 
a  filtrate  of  the  following  analysis:  S.18  SiD^,  7.19  ALO,. 
38.50  CaO,  2.70  MgO,  44.  J2  SO,,  2.70  CI,  Trace  of  Alkali. 
It  seems  positive  that  this  clay  contains  a  soluble  silicate. 

Qualitative  tests  by  the  writer  gave  on  the  fresh  water 
extract  of  the  sagger  clay  a  strong,  rather  ruddy  alkali 
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flame,  no  iron,  a  little  alnmina,  quite  a  bit  of  CaO,  a  lar^e 
amount  of  SO3  and  a  trace  of  CI;  and  in  the  hydrochloric 
acid  extract,  alkalies  as  above,  both  ferrous  and  ferric 
iron,  a  considerable  XJJjOH  precipitate  evidently  contain- 
ing Al  and  Fe,  two  or  three  times  as  much  CaO  as  above, 
and  about  the  same  SO3  as  above. 

The  effect  of  sodium  hydroxide  additions  to  the  un- 
treated clay  and  to  the  dialysed  clay  are  shown  by  the 
photograph  (Fig.  3),  and  a  diagram  (Fig.  4). 

Unlike  the  Hall  kaolin,  the  Prall  sagger  clay  cnnnot 
be  freed  of  soluble  salts  by  repeated  shaking  with  water, 
settling,  and  decantation ;  for,  after  a  few  portions  of 
water  are  removed,  a  portion  of  the  clay  goes  into  very 
l^ermanent  suspension  or  solution.  In  other  words,  much 
of  the  colloid  matter  exists  as  alkali  compounds  which 
dissolve  as  soon  as  enough  soluble  salts  are  removed  to 
give  a  sufficiently  dilute  water  solution.  Tliis  explains 
why  the  dialysed  Prall  clay  was  so  much  more  readily 
affected  tlian  tlie  untreated  chiy  while  the  watei-  extracted 
Hall  clay  gave  ver^-  nearly  the  same  results  as  unti'eated 
clay. 

It  was  attempted  to  determine  how  much  of  this  clay 
is  removable  by  water  extraction.  Five  grams  of  the  clay 
were  made  up  to  a  volume  of  100  cc.  in  a  graduated  tube, 
shaken  an  hour,  allowed  to  stand  over  night,  about  90  cc. 
siphoned  off  and  replaced  by  fresh  water.  This  was  re- 
peated 62  times  without  any  indication  of  approaching  a 
clear  extract. 

The  turbidity  of  each  of  these  extractions  was  deter- 
mined by  shaking  in  a  graduated  Nessler  tube.  The  tube 
was  set  upon  a  piece  of  newspaper,  and  the  liquid  at  once 
drawn  off  by  a  cock  near  the  bottom  till  the  print  could 
be  read  through  the  remaining  licpiid.  The  volume  was 
read  at  this  point.  The  results  are  given  graphically  in 
Fig.  5.  [The  necessity  for  shaking  the  extract  before  mak- 
ing the  turbidity  reading  is  shown  by  the  following  experi- 
ment.     One   gram    Albert   Lea    Brick   ,S:    Tile   Co..    Mi'-''., 
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Yellow  clay  was  put  into  the  tube  witli  11  cc  0.1  molar 
.sodium  oxalate,  shaken  and  stood  over  night  as  usual.  It 
was  drawn  off  5  ec.  at  a  time,  each  portion  diluted  to  100 
CO.,  and  the  turbidity  of  each  portion  measured  as  follows: 


1st   port)on=portion   between 
90  and  85  cm.  marks  at  the 
bottom     3.4     cm. 

2d  portion    3.7     cm. 

3d   portion    3 . 9.5  cm 

4th   portion    3.9     cm. 

5th   portion    4.0."  cm. 

6th   portion    4.2     cm. 

7th   portion    4.0     cm. 

8th   portion    5.0     cm. 


9th   portion    5.1     cm. 

10th   portion    5.2     cm. 

11th   portion    6.2     cm. 

12th   portion    6.05  cm. 

13th   portion    .    6.85  cm. 

14th   portion    7.35  cm. 

15th    portion    8.6     cm. 

16th   portion    11.7     cm. 

17  portion  10  to  5  cc..l7.25  cm. 
18th    portion    mixed    with    90    to 
100  cc.   portion. 


In  a  number  of  cases  where  apparently  the  li(]uid  was 
of  uniform  density  from  top  to  bottom,  turbidity  measure- 
ments with  liquid  from  ditfcrent  levels  invarial)ly  showed 
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an  increase  from  top  to  bottom.]  Occasionally  the  tnbe 
on  the  shaker  would  be  forgotten  and  allowed  to  stay  on 
more  than  one  hour.  In  such  cases  a  higher  turbidity  was 
recorded.  When  the  tube  stood  over  two  nights,  as  when  a 
Sunday  intervened,  a  lower  result  was  obtained.  At  the 
time  of  stopping  the  test  3.5  grams  clay  remained  in  the 
tube. 

Since  the  highest  turbidities  were  obtained  in  the  earl- 
ier extractions  or  in  the  later  with  longer  shaking,  it  is 
evident  that  the  water  in  these  later  cases  was  far  fro:;i 
saturated.  Why  solution  should  l)e  so  rapid  in  the  early 
part  of  the  experiment  and  so  slow  in  the  latter  part  is 
an  interesting  subject  of  speculation.  I  am  inclined  to 
think  that  alkaline  silicates  in  the  clay,  such  as  feldspar 
and  mica,  were  being  gradually  converted  from  crystalline 
compounds  to  soluble  colloids,  and  were  the  source  of  the 
steady  daily  supply. 

These  results  agree  with  the  figures  given  by  Parme- 
lee^  last  year  for  the  additional  amount  of  clay  removed 
with  each  extraction  when  using  tlic  centrifugal  apparatus 
for  mechanical  analysis. 

Another  experiment  will  illustrate  the  remarkable 
solvent  power  of  Avater  for  fine  grained  minerals.  The  X 
Wad  Clay  of  the  Johnson-Porter  Clay  Co.,  when  elutriated 
in  the  Schultze  apparatus,  gives  a  very  considerable  resi- 
due in  each  of  the  three  cans,  and  this  residue  appears  to 
consist  almost  entirely  of  round  grains  of  silica.  Xow  as 
the  viscosity  of  water  decreases  rapidly  with  increased 
temperature,  it  seemed  that  the  carrying  capacity  of  the 
water  current  should  fall  olf  with  increased  temperature, 
and  larger  residues  should  ])e  left  in  the  cans;  also  that  this 
wad  clay  is  especially  suited  to  test  the  principle  because 
of  its  large  residues.  The  apparatus  was  set  up  as  shown 
in  Fig.  6,  excejit  that  no  thermostat  was  used  to  control 
the  temperatures.  Ordinary  tap  water  was  used  whicli 
had  passed  through  the  Pittsburg  city  filtration  plant  and 

'Trans.  Am.  Ceramic  Soc.   11,  479.   ISO   (inOfO. 
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had  a  livdrooen  ioji  couceiiti-atioi]  of  l.Kr"".  The  results 
are  phitted  in  Fio-.  7.  Tlie  expected  result  was  attained 
only  in  the  first  can.  In  the  second  and  third  cans  the 
amount  of  residne  fell  off  almost  proportionately  to  the 
rise  in  temperature  (excei>t  at  40'  in  the  third  can). 

The  only  explanation  that  seems  plausible  is  solution. 
That  lM)  ])er  cent  less  residue  was  obtained  in  the  second 
can  should  not  be  taken  as  mcanin,^'  tliat  20  per  cent  was 
dissolved,  but  that  20  ])ei'  cent  had  its  size  so  much  reduced 
by  solution  from  its  surface  that  it  Ix'camc  small  enoun'h 
to  pass  over  into  the  tliird  can.  Also  jiarticles  in  the  third 
can  became  reduced  in  size,  and  rhen  passed  into  the  over- 
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How.  Tliese  exiJiei'iiiients  on  the  solveBt  effect  of  water  in 
nieehanioal  analysis  are  to  be  carried  further  with  special 
apparatus  in  the  coming  3'ear. 

Ammonia  (NH4OH),  Potassium  hydroxide  (KOH), 
and  Aniline  give  similar  results  to  sodium  hydroxide 
(XaOH),  (Fig.  8).  Glycerine  (CrH^iOU):,)  appears  to 
be  without  effect. 

Besides  using  hydrochloric  acid  and  water  extraction 
to  remove  those  bases  that  conserve  coagulation,  the  na- 
tural chemical  idea  is  to  remove  them  by  a  simple  chemical 
reaction,  a  double  decomposition,  e.  g.,  sodium  carbonate 
is  much  used  in  the  casting  process.  Its  action  on  the 
calcium  gel  would  be 

Na„C03+Ca  gel  =  CaCO.+Na,  sol. 

and  on  the  soluble  calcium  salts 

Na„C03+CaS0^  =  CaCO^+Na.SO, 

Calcium  carbonate  in  both  cases  is  insoluble  and  so  reinov- 
ed  from  action.  As  other  experiments  show^  Na2S04  to  be  a 
pretty  vigorous  salting-out  reagent,  the  solvent  action  of 
sodium  carbonate  is  mainly  upon  the  colloid  itself,  though 
secondarily  upon  soluble  salts.  Any  other  alkaline  salt 
Avhose  acid  ion  gives  an  insoluble  precipitate  with  bivalent 
and  trivalent  bases  may  be  used  to  defiocculate  clays  by 
removing  such  bases;  the  following  have  been  used  in  these 
experiments : 

Sodium  oxalate,  Na.C.Oj. 

Potassium  oxalate,  K3C„04. 

Ammonium  oxalate,   (NHJ„C^O,. 

Sodium  silicate,  approx.,  Na.,  0.3  SiO,. 

Soft  soap. 

Borax,  Na„0 : 2  B„0,. 

Potassium  phosphate,  K.,PO|. 

Sodium  phosphate,  Na.POj. 

Di-sodium  hydrogen  phosphate,  Xa.HPOj. 

Sodium  di-hydrogen  phosphate,  NaH,P04. 

Sodium  hydrogen  ammonium  phosphate,   NaHNH.PO,. 

Potassium  syanide,  KCN. 

Potassium  ferrocyanide,  KjFeC.N,.. 

Sodium  arsenite,  NaAsO™. 

Sodium  sulphide,  Na..,S. 

Potassium  permanganate,  KMnO,. 

Also  many  dyes. 
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Soclinni  carbonate  is  not  necessarily  the  most  effective 
of  the  gi'oup  with  a  given  chij,  though  it  is  the  most  nsed 
industrially.  The  behavior  of  No.  2  fireclay  toward  potas- 
sium oxalate,  tri-sodium  phosphate,  and  sodium  sulphide 
is  shown  in  Fig.  9. 
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To  illustrate  the  difference  between  the  mass  action 
solvent  effect  of  alkaline  hydroxides  and  the  quantitative 
effects  of  alkaline  precipitants,  diagrams  are  given  show- 
ing the  effect  of  sodium  liydroxide  in  combatting  additions 
of  calcium  suljihate  to  the  Tennessee  Ball  Clay  "No.  3  of 
the  Mandle-Sant  Clay  Co.,  (Pig.  10),  and  of  sodium  oxa- 
late in  neutralizing  additions  of  ferrous  sulphate  to  the 
same  clay  ( Fig.  11). 

Compounds  containing  divalent  elements  are  in  gen- 
eral precipitants,  but  a  few  exceptions  are  noted. 

Barium  carbonate,  within  narrov\"  limits  is  an  ener- 
getic deflocculatiiig  ngcnt.     Its  effect  is  apparently  to  stop 
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the  effect  of  calcium  sulphate  by  completely  precipitating 
it  from  solution : 

BaCOa+CaSO,  =  BaSO.+CaCOs 

Both  the  products  of  the  reaction  are  very  in  soluble.  ^"^ 
Lead  acetate  might  be  expected  to  give  a  similar  reac- 
tion, but  failed  when  tried  with  Pral]  saoger  clay. 

Barium  hydroxide  has  a  similar  action.  The  equations 
may  be: 

BaO„H„+CaSO,  =  BaSO,+CaOoH„ 
Ca6„H„+CO„  =  CaC03+H„0 
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It  seems  more  likely,  however,  tluit  the  action  is  on 
the  iron  sulphates  or  alkali  sulpliares : 

BaOoHo-fFeSO,  =  FeO.H„+BaSO^ 
BaOoH2+Na,SO.=2  NaOH+BaSO, 


Ferrous  hydroxide  would  be  insoluble,   and   sodium 
hydroxide  is  a  powerful  deilocculating  agent. 


"  To  prevent  loss  of  plasticity  through  use  of  barium  carbonate,  appar- 
ently an  excess  should  be  used  to  keep  the  gels  coagulated.  This  explains 
the  direction  of  one  authority  to  iise  twice  the  theoretical  amount. 
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raleiiiiii  Indroxide  in  a  few  cases  acts  as  a  (lefloceu- 
lant.  The  reaction  is  lil^ely  upon  alkaline  salts  with  for- 
mation of  a  less  soluble  calcium  compound,  e.  g. : 

CaOoH„+Na,S04  =  CaS0,+2  NaOH 

The  following  tables  give  the  data  obtained  with  bar- 
ium hydroxide  and  with  calcium  hydroxide  upon  No.  2  fire- 
clay.   See  also  Fig.  12. 

Action  of  Tenth  Molar  Barium  Hydroxide  upon  5  g.  No.  2 
Fireclay  from  W.  H.  Wynn,  Decatur,  Pa. 

cc.  Ba(OH). 0  0.3  0.7  1  1.3 

Clear 

Turbid 43  43  7  7  10 

Dense ..  37.5  36.5  33.5 

Sediment 7  7  5.5  6.5  6.5 

H  ion  concentration LIO^'  1.10"=^  1.10"'        1.10-''        I.IO-'" 

1.7  3  7  15  30 

43  43  43  43 
13 
30 

7  7  7  7  7 

1.10-"  l.lO-'o 

Action  of  Tenth  Molar*  Calcium  Hydroxide  upon  5  g. 
No.  2  Fireclay  from  W.  H.  Wynn,  Decatur,  Pa. 

CO.  Ca(OH) 0  0.4  0.8  1.2  1.6  2 

Clear 

Turbid 92.5  93  14  16  92.7        92.7 

Dense ..  80  77.7 

Sediment 7.5  7  6  6.3         7.3  7.3 

U  ion  concentration..  .      I.IO"'^     I.IO"'  1.10-'      1.10-"     I.IO-"    J.  10"'^ 

3  5  8  10 

93  92.6  92.5  92.7 


7  7.4  7.5  7.3 

1.10"     1.10-"     1.10-^=     1.10-" 

On  first  mixing  this  series  of  tubes,  that  Avith  0.1  lime 
sho\\cd  a  dense  suspension.  On  shaking  again  by  hand 
just  before  placing  in  the  shaking  machine,  0.4  and  '\H 


*  Owing  to  the  impossibility  of  preparing;  tentli  molar  calciujn   hyclroxirte, 
the   e(iU!valent   amount  of  fiftieth   molar  solution   was  used. 
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showed  dense  suspeusion.  xVfter  an  hour  on  the  machine, 
the  dense  suspension  had  shifted  to  0.8  and  1.2.  Tn  other 
words,  only  a  portion  of  the  colloid  clay  was  acted  upon 
when  first  mixed,  and  0.4  cc.  lime  was  sufficient  to  put  it 
in  suspension.  When  with  further  shaking,  more  of  the 
colloid  clay  was  exposed  to  the  action  of  the  lime,  a  propoi- 
tionately  larger  amount  of  lime  was  required  to  effect  sus- 
pension. This  behavior  was  frequently  observed  witli 
other  reagents  and  clays. 

Even  oxalic  acid  acts  as  a  deflocculant  ( Fig.  13 ) .  The 
action  is  most  likely  upon  a  calcium  salt  of  a  weak  col- 
loidal acid. 

Tannic  acid  appears  to  exert  its  deflocculant  effect  by 
taking  into  solution  iron  (or  possibly  aluminum)  from 
colloid  gels.  It  appears  to  be  without  action  on  clays  not 
containing  iron  or  aluminum,  and  deflocculates  and  is 
strongly  colored  by  clays  containing  iron  (Fig.  14).  In 
the  case  of  W.  H.  Wynn  No.  1  Fireclay  the  iron  of  the 
clay  was  wholly  insoluble  in  water,  but  soluble  in  the 
tannic  acid. 

While  the  most  probable  cause  of  the  deflocculating 
action  of  oxalic  acid  and  of  tannic  acid  is  the  removal  of 
coagulating  bases,  yet  that  would  leave  equivalent  amounts 
of  hydrogen  with  the  colloid  matter.  It  seems  likely  tlien 
that  certain  free  colloid  acids  within  very  narrow  ranges 
are  soluble  in  water. 

Whitney  and  Straw  (J.  Am.  Chem.  Soc,  29,  828, 
1907),  found  colloidal  silver  to  have  a  maximum  of  sus- 
pension with  no  addition  and  a  second  maximum  in  0.004 
normal  sodium  hydroxide  solution.  Their  second  maxi- 
irium  corresponds  to  the  sodium  sols  we  have  discussed, 
but  the  first  is  evidently  something  different.  It  might 
possibly  be  a  free  acid  sol,  ])nt  tlie  question  is  an  open  one. 
I  have  not  yet  observed  2  maxima  in  any  clay  series. 

Franz  Hundeshagen  CZ.  angew  Chem.,  21,  2455,  1908), 
considers   that   a    ])orti<)ii    of   tlic   liydrogen    of  kaolin    is 
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sti-()!i.uly  acid  in  cliaracter  while  the  reinaiiidpr  is  weakly 
basic. 

T.  B.  ^>'ood  and  W.  B.  Hardy  ( Proc.  Eoy.  Soc,  I^on- 
don  (B),  81,  31-43,  1909;  Cheinioal  Abstracts  3,  1530 
1909 ),  state  that  the  i)rotein  molecule  contains  U  and  OH. 
Proteins,  therefore,  as  a  class  are  amphoteric  electrolytes. 
They  react  with  acids  and  alkalies  to  form  salts,  but  the 
reactions  are  not  precise,  an  indefinite  number  of  salts  be- 
ing formed.  A  small  amount  of  cither  acid  or  alkali  causes 
hydrosol  formation-to  reach  a  maximum,  excess  reprecipi- 
tates.  They  show  curves  for  g'luten  similar  to  Fig.  10  of 
this  paper. 

Hundeshagen  is  then  supported  by  this  analogy  from 
organic  chemistry,  and  certain  acids  may  be  expected  to 
have  a  limited  deflocculating  power  on  clays. 

The  following  reagents  in  these  expei'iments  acted  in- 
variably  to  coagulate  the  clavs  tested  . 


Calcium  chloride,  CaCL  Carbonic   acid,   H,.CO.; 

Ammonium  nitrate,  NH4NO,,  Potassium  dichromate,  KjCrO^ 

Sodium  sulphate,   Na.SO;  Sodium  acetate,  NaC,H,0; 

Ammonium    sulphate,    (NHJ.SO,  Hydrochloric    acid,    HCl 

Magnesium  sulphate,  MgSO,  Ammonium   chloride,    NH^Cl 

Calcium   sulphate,  CaSO,  Sodium  chloride,  NaCl 

Ferrous  sulphate,  FeS04  Zinc  chloride,  ZnCl, 

Ferric  Sulphate,  Fe,(S04)3  Magnesium  chloride,  MgCL. 

Lead   acetate,  Pb(C,H,0„)o  Barium  chloride,  BaCL 


There  was  used  as  wide  a  range  of  clays  as  ])ossible 
in  this  investigation:  English  and  \meHcan  kaolins  and 
ball  clays,  brick  surface  clays,  sagger  clays,  peat  and  high- 
ly organic  surface  clays,  joint  clays,  shales,  slate,  No.  1 
and  Xo.  2  fireclays,  and  fullers'  earth.  The  slate  was  least 
affected,  shale  next,  and  No.  1  fireclay  next.  The  ofhers 
were  readily  acted  on. 

The  writer  has  also  defiocculated  by  the  reagents  de- 
scribed potter's  "flint"  (quartz),  feldspar,  mica,  bauxite 
Cnot  completely),  iron  ore,  and  peat  Cnot  completely). 
Pure  water  seems  to  uive  the  maximum   effect  with  tl'.e 
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]M)tter\s  ''tiint"   (gTOiind  saiidrock),  potash,  fcMspar,  and 
soda  feldspar. 

^Martin  Boettclicr'^  Jias  nsod  ajimioiiia,  litliiuiii  hy- 
droxide, calcium  hvdi-oxide,  sodium  hydroxide,  potassium 
hydroxide,  sodium  carbonate,  lithium  carbonate,  and  po- 
tassium carbonate  to  deflocculate  a  stoneware  body.  He 
made  casting  slii:»s,  determined  their  viscosity  by  an  efflux 
Tiscosimeter,  with  U\o  mm.  orifice,  and  then  diluted  a  por- 
tion of  his  slip  in  test  tubes,  obtaining  series  much  like 
those  described  here,  lie  found  a  minimum  of  viscosity 
of  the  thick  slip  to  coincide  with  a  maximum  of  suspension 
of  the  diluted  slip  in  the  test  tubes.  This  observation  is 
of  value  in  showing  that  the  effect  of  the  reagent  depen:l>i 
mainly  on  its  ratio  to  the  clay,  rather  tlian  upon  its  con- 
centration in  the  liquid  medium. 

Boettcher  was  puzzled  to  find  an  explanation  for  a 
phenomenon  which  he  called  super-stiff eniuii'.  This  action 
is  easily  accounted  for  on  the  hypothesis  that  under  the 
conditions  of  his  work,  the  chemical  reaction  had  not  pro- 
ceeded to  completion  at  the  time  of  his  viscosity  measure- 
ments. Thus,  a  re-determination  of  viscosity  some  time 
later  Avould  find  the  tests  with  the  lai-ger  amounts  of  re 
agent  more  fluid  than  at  the  time  of  the  lirst  measurement. 

Boettcher  noted  that  dellocculation  occurs  within  nar- 
rower limits  when  a  larger  amount  of  calcium  sulphate  is 
in  the  clay. 

F.  Foerster^-  liad  previously  noicd  that  0.1  p(\r  cent 
gypsum  hindered  the  action  of  alkali  on  castina  clip;  but 
that  the  hindrance  could  be  overcome  by  adding  reagents 
to  precipitate  the  lime,  such  as  sodium  carbonate  (Xa._,- 
CO.j)  or  a  mixture  of  di  sodium-phosphate  and  sodium 
hydroxide,  ( NaaiPO^H-XaDll ) . 

Boettcher  found  lithium  carbonate,  sodium  livdroxid.e. 
and  ammonia  to  effect  the  suspension  of  animal  charcoal 
similarly  to  clays. 


"  Sprechsaal,    42,    117-9,    133-5,    ln3-.5,    168-70.    1S6-7.    190-201.    217-9,    233-5. 

252-3  rigog). 

'-Die  chemische  Industrie,   28,  733-740   (Dec.  15.  1905). 
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"Accordiii^ii  to  Hopkins, ^'^  when  soils  are  extracted 
with  a  solution  of  sodium  chloride,  the  organic  soil  acids 
react  ^^ith  the  sodium  chloride  to  produce  free  hydro- 
chloric acid.  This  reaction  is  quantitative,  and  the  free 
acid  can  be  titrated,  and  is  equivalent  to  the  original 
amount  of  acid  present  in  the  soil  " 

]Morse  and  Curry^^  quote  Hopkins  as  above,  but  appear 
rather  cautious  as  to  accepting  his  views.  They  make  sucli 
conclusions  as  the  following: 

"4,  Clays  and  soils  react  with  potassium,  sodium, 
and  ammonia  in  equivalent  quantities  when  these  bases 
are  present  as  salts.  Calcium,  magnesivira,  iron,  and  alum- 
inum constitute  the  largest  amount  of  reacting  bases.*' 
(i.  e.,  bases  removed  from  the  clay  by  the  alkaline  salts). 

"9.  The  acid  character  of  tlie  solutions  formed  in 
these  ways  does  not  demand  the  presence  of  an  acid  to 
complete  an  explanation  for  their  formation.'-  (To  the 
present  writer,  the  careful  analytical  work  of  Morse  and 
Curry  seems  to  indicate  exactly  the  opposite  to  their  con- 
clusion. ) 

"17.  In  a  general  way  the  tendency  for  clay  soils, 
etc.,  is  to  reduce  the  solubility  of  bases  with  whicli  they 
come  in  contact." 

Their  observation  tliat,  ''We  have  already  seen  liow 
like  an  acid  the  clay  liehaves  towards  carbonates'"  seems 
opposed  to  their  conclusions. 

Nichols^^  has  observed  the  rate  of  settling  of  slimes  in 
graduated  tubes,  and  the  effect  of  lime  and  sulpliuric  acid 
in  hastening  the  setteinent.  He  found  increased  temper- 
ature to  accelerate  the  sedimentation  in  proportion  to  the 
rate  at  which  it  diminishf^s  the  viscosity  of  water. 

Buxton  and  Rohe^'^'  found  that  temperature  has  little 
effect  on  the  adsorption  of  dye  l)y  inorganic  colloids,  but 

"  V.  S.  Dept.  Agri..   Bur.   Chem..  Bull.  73,  p.   14. 

"  19th  and  20th  reports  of  the  New  Hampshire  Agricultural  Experiment 
Station,  pp.  262-310  (Nov.  1,  190S). 

'=  Mining-  and   Scientific   Press,    (190-)). 

"■•Beit.  Chem.  Physiol.  iHofmeisterL  11,  479-501;  Chemical  Abstracts,  3, 
50.T  (1909). 
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Weber^^  found  that  wlieii  adding  deiloceulating  agents, 
'•with  certain  chiTS  the  application  of  lieat  is  A-ery  ser^ice- 
able,  whilst  with  others,  that  is,  those  which  contain  much 
colloidal  silicic  acid,  heat  acts  in  the  converse  way  and 
gelatinizes  the  colloids." 

APPLICATIONS. 

Determination  of  Soluble  Salts. 

The  principal  dilticulty  in  soluble  salt  determinations 
has  been  to  know  when  to  stop.  After  such  common  salts 
as  calcium,  magnesium,  and  sodium  sulphates  and  sodium 
<'hloride  have  l)eeii  remo\ed  by  successiye  extractions  witli 
cold  water,  then  without  a  break  (or  rather  with  decided 
oyerlapping)  alkaline  silicates  are  remoyed.  While  some 
of  the  alkaline  silicates  so  removed  are  dei'iyed  from  the 
colloid  portion  of  the  clay,  there  seems  to  be  a  tendency 
for  the  crystal  portion  of  the  clay  to  go  over  to  the  colloid 
form,  at  least  to  such  an  extent  as  to  give  ea'-li  crystal  a 
colloid  film  as  coating. 

When  hot  water  is  used  in  extracting  the  soluble  salts, 
the  tendency  to  break  down  the  crystal  silicates  is  in- 
creased. 

When  extractions  are  made  with  a  solution  of  sodium 
chloride   or   potassim    nitrate,    the   gels   are   decomposed, 

2  NaCl+Ca  gel  =  Na,  gel  or  sol  +  Ca  CL 

also  even  such  insolul)le  substances  as  calcium  phosphate 
are  subject  to  decomposition  by  salt  solutions.  Hence  ex- 
tractions by  salt  solutions  are  liable  to  give  much  more 
than  the  true  water  soluble  bases  of  a  soil, 

Schreiner  and  Failyer^'^  I'emark  that  dried  soils  give 
up  th(M*r  soluble  salts  in  somewhat  greater  concentration 
than  fresh  damp  soils. 


"  Trans.  Eng.  Ceramic  Soc,  8,  [Pai-t  I],  14  (1909). 
"U.  S.  Dept.  Agr.,  Eur.  Soils,  Bull.  31,  p.  11. 
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Bleininger,  in  his  investigation  on  destroying  exces- 
sive plasticity  by  preheating  clays,  noted  that  ht^ating  the 
clays  to  250  to  300°  C.  seems  greatly  to  facilitate  move- 
ment of  the  soluble  salts  through  the  pores  of  the  clay. 
These  temperatures  are  necessary  to  drive  off  the  hygro- 
scopic water  of  the  clays. 

Ries^"  even  found  soft  burning  of  Wisconsin  clays  to 
cause  them  to  yield  much  more  soluble  salts  than  the  crude 
clays.    Hard  burned  clays  yielded  less  than  soft  burned. 

The  following  method  of  soluble  salt  determination  is 
proposed,  as  worthy  of  study : 

Take  100  grams  of  air  dry  clay,  heat  at  800°  C.  for 
one  hour,  and  weigh.  The  loss  equals  hygroscopic  mois- 
ture. Crush  to  pass  a  GO  mesh  sieve;  put  into  a  vessel 
containing  one  liter  of  water;  shake  one  hour;  let  settle 
over  night.  Siphon  or  decant  off  a  definite  volume,  even 
if  turbid.  Add  from  a  burette  a  measured  portion  of  mag- 
nesium sulphate  just  sufficient,  or  a  little  in  excess,  to  co- 
agulate the  clay  sol.  In  aliquot  portions  of  the  resulting 
clear  liquid  the  various  determinations  are  to  be  made  by 
usual  quantitative  methods.  The  silica  present  may  neces- 
sitate an  evaporation  to  dryness  with  Iwdrochloric  or 
nitric  acid.  Organic  compounds  may  require  special  treat- 
ment or  ignition.  From  the  total  sulphuric  anhydride 
found  is  to  be  subtracted  that  added  as  magnesium  siil 
phate.  If  we  assume  that  no  magnesium  was  present  as  a 
soluble  salt,  which  is  nearly  the  case  in  tlie  presmcc 
of  a  turbid  solution,  we  may  assume  that  the  magnesium 
added  as  sulphate  minus  the  magnesium  found  equals  the 
magnesium  used  in  coagulating  the  clay;  also  that  from 
the  alkali  found  is  to  be  deducted  an  amount  equivalent  to 
the  magnesium  used  in  coagulating  the  clay.  The  action 
of  the  magnesium  sulphate  may  be  expressed  by  the  fol- 
lowing equation : 

MgSO,+Na,  with  sol  =  Mg  with  gel+Na,,SO, 
Solutions  of  calcium    sulphate,   calcium   cliloride,   or 

"  Olays   of  Wisconsin;   Wisconsin   Survey.    Bull.    15,    22    aon6>. 
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inagiiesiiim  chloride,  bivalent  bases  with  simple  acids, 
might  be  used  equally  well,  save  that  sixtieth  molar  is 
about  as  concentrated  as  the  calcium  sulphate  can  be  pre- 
l)ared,  as  it  lias  a  tendency  to  crystallize  out  on  standing. 

Use  of  Barium  Ca.rbonate  to  Prevent  Scum. 

The  difficulty  in  some  methods  for  the  determination 
of  the  amount  of  barium  carbonate  required  to  neutralize 
the  soluble  sulphates  in  clays  is  that  barium  carbonate  re- 
acts not  only  with  the  soluble  sulphate  (equations  1  and 
2)  but  also  with  the  clay  colloids,  as  in  equations  3  and  4: 

BaCO,+CaSO^  =  BaSOj+CaCO,    (1) 

BaCO,+NaSO^  =  BaS0,+Na.c6 (2) 

BaCO,+Na„  with  sol  or  gel  =  Ba  gel+Na„CO (3) 

BaCO,i-H„  with  gel  =  Ba  gel+H.,CO (4 j 

Na„CO:,+Ca  gel  =  Na„  sol+CaCO,   (5) 

There  is  reason  to  believe  that  the  action  of  barium 
carbonate  is  first  upon  the  soluble  sul])liate  and  second 
u])on  the  colloids,  since  Dutoit  and  Diiboux-"  have  shown 
this  to  be  the  case  with  wines. 

If  the  amount  of  suli^huric  anliydride  in  tlie  clay  has 
been  accurately  determined,  it  wouhl  seem  that  the  theo- 
reticalh^  equivalent  amount  of  barium  carbonate  niiglit  be 
added.  If  the  clay  were  worked  sufficiently  after  tlie  addi- 
tion of  barium  carbonate,  it  is  conceivable  that  the  reac- 
tion between  the  slightly  soluble  barium  carbonate  and 
the  sulphates  would  )»e  nearly  complete.  That  this  is  un- 
likely to  occur  in  practice  is  probably  the  reason  for  tlie 
direction  given  by  Seger-^  to  use  twice  the  tlieoretical 
quantity.  Another  reason  hitherto  unrecognized  is  that 
equation  (2)  above  forms  alkaline  carbonates.  These  tend 
to  form  the  clay  sol  (equation  5),  and  tlius  lessen  the  plas- 
ticity.    But  if  an  excess  of  barium  carbonate  is  used,  it 


^oSchweiz.  Wochschr..  46.  672-8;  Chemical  Abstracts    3.  4f;9-Y0   (1009). 

-'  Handbuch  der  sesammten  Thonwaareninciustrie.  von  Bruno  Kerl.  Dritte 
Auflage.  bearbeitet  von  Eduard  Cramer  und  Dr.  Hermann  Hecht  (1907), 
page  523. 
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will  restore  the  gel,  (equation  3),  and  tlins  preserve  the 
plasticity. 

The  "practical-'  test  for  the  barium  carbonate  require- 
ment of  a  clay,  consisting  in  adding  to  equal  weights  of 
clay  a  series  of  increasing  weights  of  barium  carbonate, 
shaking  with  Avater,  and  finding  which  members  of  the 
series  completely  precipitate  all  the  barium  added,  is  liable 
to  lead  to  wasteful  use  of  barium  carbonate  to  combine 
with  the  liarmless  colloids  of  the  clay. 

Hirsch-"-  made  an  excellent  study  of  this  test.  Vriiile 
he  did  not  understand  the  cause  of  the  excessive  taking  up 
of  barium,  he  found  a  means  of  combatting  it.  He  directed 
that  4  grams  of  aluminum  chloride  be  used  in  the  test 
with  100  grams  of  clay,  and  that  the  test  with  barium 
would  then  be  ''faultless.'"  The  action  of  the  aluminum 
chloride  is  to  cond^ine  with  the  colloids : 

AlCL+R  with   colloid  =  A1  gel-LRCU 

Barium  probably  has  little  or  no  action  on  aluminum  gel, 
and  so  acts  on  the  soluble  sulphates  only. 

Mechanical  Analysis. 

The  data  obtained  make  possible  a  criticism  of  present 
methods  of  preparing  clays  for  mechanical  analysis,  and 
of  the  conduct  of  the  mechanical  analysis. 

Shaking  with  cold  distilled  water  in  sufficient  quan- 
tity will  perfectly  deflocculate  the  clay  if  all  the  colloid 
matter  is  in  the  form  of  alkaline  compounds,  otherwise 
not.  If  more  water  is  used  than  the  quantity  that  just 
suffices,  the  crystal  matter  will  l>e  attacked,  and  tend  also 
to  go  over  to  the  colloid  form.  Tf  hot  water  or  grinding  is 
used,  the  above  actions  A\ill  be  accelerated.  If  hard 
water  is  used,  it  will  tend  to  keep  the  colloid  matter  coagu- 
lated on  the  crystal  grains. 


=  Tonindustrie-Zeitung.    28,    -mi    (1904). 
-^Comptrp  renrlnp.   136.   1620   C1903);   137,  .369. 
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The  method  of  lr?chh)essini>-'-'  is  the  most  general  aii.'T 
correct  of  methods  in  use.  He  extracts  the  clay  with  a 
portion  of  nitric  or  hydrochloric  acid,  and  then  washes  tilt 
the  filtrate  is  no  longer  acid.  This  removes  the  soluble 
salts  and  most  of  the  basic  ions  of  the  gels.  He  then  treats 
with  ammonia.  This  forms  the  ammonia  sol  of  the  col- 
loids, and  leaves  the  crystals  bare. 

The  United  States  Department  of  Agriculture,  Bu- 
reau of  Soils^^  takes  5  grams  clay,  75  cc.  water  and  10 
drops  strong  ammonia,  and  shakes  violently  for  6  hours. 
The  shaking  is  much  in  excess  of  what  would  be  required 
with  a  proper  choice  and  manipulation  of  solvents.  The 
ammonia  is  found  by  them  to  be  useless  on  soils  containins: 
carbonates,  and  is  omitted  with  such  soils.  Its  action  in 
such  cases  is  to  assist  in  salting  out  the  colloids  rather 
than  to  assist  in  dissolving  theiiL  Ammonia  Avill  be  found 
most  effective  with  acid  soils  low  in  soluble  salt  content. 
It  forms  the  ammonia  sol  from  these,  and  thus  uncovers 
the  grains;  except  as  prevented  by  the  salting  out  effect 
of  the  soluble  salts  present,  or  by  excess  of  the  reagent. 

The  Tonindustrie  Kalender  recommends  1  cc.  sodium 
hydroxide  solution  (strength  ?)  to  40  grams  of  clay.  This 
is  a  more  vigorous  reagent  than  ammonia,  and  so  can  over- 
come more  soluble  salts.  On  the  other  hand,  if  the  clay  is 
alkaline,  it  will  assist  the  more  vigorously  in  salting  out 
the  colloids,  and  so  preventing  deflocculation. 

In  general,  alkalies  are  efficient  for  removing  the  col- 
loid coating  from  the  grains,  when,  1st,  the  clay  is  not 
already  alkaline,  2nd,  soluble  salts  are  low,  3rd,  the  colloid 
is  not  combined  with  polwalent  bases,  such  as  calcium, 
magnesium,  iron,  and  alumina,  4th,  just  the  right  amount 
of  alkali  is  used,  as  determined  by  tube  experiments. 

It  is  exceedingly  important  that  a  slight  excess  of 
alkali  shall  not  be  added. 

In  Fig.  3,  Avhich  shows  the  effect  of  soiliuin  livdroxide 


'*  Bureau  of  Soils.   Bull.  24,   920   HOOt ». 
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on  New  Jersey  sagger  clay  of  Jas.  P.  Prall,  it  will  be 
noticed  that  3  cc.  tenth  normal  sodium  hydroxide  reduce 
the  sediment  to  3  cc.  This  sediment  presents  a  clean, 
Avholly  granular  appearance.  The  sol  in  the  tube  above  the 
sediment  has  reached  its  maximum  density.  Up  to  37.5  cc. 
may  be  added  without  producing  any  further  change  in 
appearance.  Then  50  cc.  starts  to  salt  out  the  gel.  A 
gradual  stiffening  of  the  gel  seems  to  set  in  and  its  volume 
simultaneously  to  diminish  with  further  additions.  Owing 
to  this  stiffening  it  has  increasing  carrying  power.  As  it 
takes  up  first  the  finest  part  of  the  sedment,  then  the 
coarser  portions,  the  sediment  appears  to  diminish,  to 
become  less  distinct,  and  finally  to  become  identical  with 
the  coagulated  gel.  Obviously  while  the  colloid  matter  is 
in  shape  to  buoy  up  the  granular  matter  of  the  clay  it  is 
in  a  very  unsuitable  condition  for  the  mechanical  analysis. 

I  do  not  know  that  anyone  has  used  alkaline  precipi- 
tants  to  deflocculate  clays  for  mechanical  analysis,  but  I 
find  them  very  efficient  where  the  gel  is  combined  with 
polyvalent  bases  or  the  soluble  salts  contain  polyvalent 
bases.  I  have  used  sodium  oxalate  mostly,  but  potassium 
and  ammonium  oxalate  seem  nearly  as  vigorous.  In  spec- 
ial cases  other  reagents  might  be  especially  adapted  to  re- 
move the  bases  ju'esent.  Any  reagent  giving  perfect  defioc- 
culation  should  be  satisfactory. 

The  two  general  methods  of  mechanical  analysis  are 
sedimentation  and  elutriation.  The  principal  difference 
between  the  two  is  that  the  former  is  intermittent,  while 
the  latter  is  continuous  and  may  employ  a  much  larger 
volume  of  water. 

It  has  been  shown  in  the  experimental  part  of  this 
paper  that  water  has  a  profound  solvent  effect  upon  silica 
grains,  and,  presumably,  upon  other  minerals,  and  that 
this  effect  is  greater  the  higher  the  temperature.  Hence, 
it  is  desirable  that  the  water  used  in  mechanical  analysis 
be  kept  at  a  low  standard  temperature,  say  0°  C,  and  that 
the  volume  be  kept  as  low  as  possible.    This  last  considera- 
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tioii  is  a  strong'  argument  for  discarding  elutriation  meth- 
ods and  adopting  sedimentation.  It  seems  probable  that 
instead  of  running  elutriations  until  the  overflow  is  clear, 
they  should  be  run  for  a  detinite  length  of  time.  This  will 
soon  be  tried  out. 

When,  owing  to  the  great  volume  required,  ordinary 
tap  water  is  used  in  elutriation,  there  is  liability  that  the 
bases  in  it  will  undo  the  work  of  the  deflocculating  agent. 
I  have  had  this  happen  when  sodium  oxalate  had  been 
used  with  the  clay. 

To  get  around  the  difficulty,  the  l)ulk  of  the  sol  can 
be  removed  hj  sedimentation  and  decantation  four  times 
repeated,  using  distilled  water  and  removing  0.0  of  the 
liquid  each  time;  then  elutriation  of  the  granular  residue 
with  tap  water.  In  sucli  a  case,  where  30  minutes  was  al- 
lowed for  each  sedimentation,  it  was  found  that  .3  per  cent 
crystalline  matter  was  lost  that  ought  to  have  remained 
in  the  third  can.    A  longei-  time  should  be  allowed. 

Another  difficulty  noticed  in  elutriation  with  metal 
cans  is  a  tendency  for  tine  clay  that  should  overflow  to 
lodge  on  the  conical  bottom  and  the  vertical  sides.  Tiiis 
is  an  electrolytic  phenomenon  which  accompanies  coi'ro- 
sion  of  the  metal  can.  It  was  evidently  ol)served  by  Par- 
inelee  and  Moore^''  in  their  comparative  study  of  mctlioils 
of  mechanical  analysis;  for  in  one  of  their  expei'iments, 
they  had  the  inside  of  the  cans  varnished. 

Sedimentation  methods  include  those  where  gravita- 
tion is  the  force  causing  the  grains  to  collect  at  tlie  Isottom 
of  the  vessel,  and  those  where  centrifugal  force  causes  a 
mucli  more  rapid  collection.  Ow'ing  to  the  packing  action 
of  tlie  centrifugal  macliinc,  the  liciuid  overlying  tlie  i^rains 
is  easily  decanted,  while  a  disturbance  of  the  loose  lying 
grains  in  a  sedimentation  experiment  is  best  avoided  by 
siphoning  off  the  water. 

Sedimentation    mcHiods    require    a    skillcil    ojx'i-afor 
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and  frequent  standardization  of  sizes  of  grain.  It  is  de- 
sirable to  study  Avlietlier  sliiilitly  alkaline  water  will  gi^e 
better  results  than  pure  water  in  making  the  successive 
changes,  also  whether  there  is  a  limit  to  the  number  of 
changes  of  water  that  should  be  emploj^ed  (to  minimize 
the  solvent  efPect  upon  cj-ystal  grains  > . 

Casting  Process. 

Hitherto  the  choice  of  deflocculents  for  the  casting 
l)rocess  has  been  almost  whoUv  empirical.  Weber,-'^  whose 
patented  casting  process  of  glass  pots  and  other  refractor- 
ies is  used  in  more  than  20  factories,  after  describing  the 
use  of  alkalies,  the  soda  salts  of  carbonic  acid,  phosphoric 
acid,  oxalic  acid,  boracic  acid,  barium  hydroxide,  and  cal- 
cium hydroxide,  says:  "Which  of  the  above  named  alka- 
lies should  be  used,  and  the  quantity,  must  be  found  out 
for  each  clay  separately  according  to  its  position." 

Foerster-"  noticed  that  calcium  sulpliate  hindered  the 
action  of  alkalies  in  preparing  clays  for  casting,  and  that 
its  effect  could  be  set  aside  by  the  use  of  a  precipitant  for 
lime,  as  sodium  carbonate. 

The  methods  given  in  this  paper  make  it  possible  to 
determine,  first,  what  amounts  of  soluble  salts  are  in  the 
clay ;  second,  what  bases  are  combined  with  the  gel ;  third, 
Avhat  reagents  are  best  suited  chemically  to  react  with 
these  and  dissolve  the  colloid  matter  of  the  clay. 

Fig.  15  illustrates  the  separate  and  joint  action  of 
sodium  carbonate  and  sodium  silicate  on  a  ball  clay  and  a 
china  clay  and  a  body  made  from  them.  The  proportions 
used  in  ordinary  work  while  variable,  and  determined  by 
tradition  or  experiment,  are  about  one-tenth  of  a  per  cent, 
of  each.  The  lower  right  hand  figure  shows  that  the  de- 
llocculation  is  not  complete  at  this  pei'  cent.  While  Boett 
cher  says  that  he  successfully  cast  a  stoneware  clay  with 
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the  proportion  of  sodium  livdroxide  oiviiig  maximum  de- 
tloccnlation,  it  slionld  be  determined  practically  whether 
this  point  or  some  point  short  of  it  gives  best  results. 
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In  studying  Fig.  15,  one  naturally  tries  to  find  what 
ratio  of  sodium  carbonate  to  sodium  silicate  is  most  ad- 
vantageous, or  whether  one  should  be  used  exclusively.  The 
reasons  are  not  evident  from  the  diagram. 

If  sodium  carbonate  is  used  alone,  the  slip  has  a  hioh 
surface  tension,  and  the  stream  poured  into  the  moukl 
breaks  into  numerous  dro])s.  This  causes  the  entanglement 
of  air  bubbles.  Wherever  one  of  these  air  bubbles  gets  into 
the  ware,  a  crack  will  develop,  and  a  piece  of  wai-e  be 
ruined. 
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If  sodium  silicate  is  used  alone,  the  slip  is  liable  to 
flow  in  strings  like  thick  syrup. 

A  proper  balance  between  these  two  effects  is  secured 
by  using  a  suitable  mixture  of  the  two  reagents.  The  slip 
will  then  pour  in  a  clean-cut  solid  stream,  w^ithout  any 
tendency  to  draw  in  air  bubbles. 

The  writer  is  informed  that  some  three  plants  making 
sanitary  ware  of  fireclay  have  tried  aud  abandoned  AVeber's 
process.  Their  difficulty  was  said  to  be,  (1)  that  the  ware 
made  by  the  process  was  "rotten,"  or  lacking  in  strength, 
(2)  that  the  fine  material  of  the  clay  seemed  to  collect  at 
the  surface  leaving  only  large  grains  in  the  center,  (3) 
that  the  ware  stuck  to  the  moulds,  and  (4)  that  the  plaster 
of  the  moulds  was  rapidly  attacked. 

The  first  and  third  objections  indicate  that  the  plas- 
ticitj"  was  too  thoroughly  destroyed,  and  that  it  would 
have  been  better  to  use  less  reagent,  and  retain  some  of  the 
plastic  strength  of  the  clay. 

The  fourth  objection  indicates  the  use  of  reagent  in 
excess  of  tlie  amount  that  the  clay  would  react  with. 

The  second  and  third  objections,  the  writer  has  found 
to  occur  with  a  No.  1  fireclay  treated  with  just  suflicient 
reagent  to  give  maximum  sol  formation.  In  tlie  wiiter's 
experiment  with  this  fireclay  the  water  requirement  was 
the  same  with  or  without  the  alkaline  condition.  It  would 
appear  that  for  the  casting  process  a  certain  amount  of 
shrinkage  is  essential,  in  order  for  the  ware  to  free  itself 
properly  from  the  moulds;  that  the  clay  must  originally 
have  sufficient  of  the  constituent  that  shrinks  (colloid), 
and  that  the  shrinkage  must  not  be  unduly  suppressed  by 
the  alkaline  addition. 

Plasticity. 

While  the  best  condition  for  casting  appears  to  be 
short  of  total  deflocculation,  the  converse  is  not  necessarily 
true  for  plastic  working.  It  is  true  that  the  gel  must  be 
present  in  suitable  amount  f(>r  good  working  ].roperties: 
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but  whether  the  presence  of  some  sol  is  advantniieons  is  not 
known. 

Further,  it  is  not  known  what  the  effect  is  of  varying 
the  base  or  hydrogen  in  combination  with  the  gel.  It  is, 
however,  generally  accei)ted  that  a  clay  becomes  most  plas- 
tic when  it  sours  or  becomes  acid  on  ageing.  This  would 
indicate  that  the  hydrogen  gel  is  probably  most  plastic 
and  the  alkali  gels  least  plastic. 

Again,  assuming  a  constant  composition  of  ii:e\,  it  is 
not  known  to  what  extent,  if  any,  the  presence  of  soluble 
salts  is  beneficial  to  plasticity,  or  whether  they  are  detri- 
mental. It  is  known  that  in  weathering  clays  soluble  salts 
are  washed  out,  but  it  is  not  known  whether  the  improve- 
ment in  plasticity  produced  by  \\'eathering  is  due  to  the 
removal  of  soluble  salts  or  to  other  actions  that  are  known 
to  be  taking  place. 

All  of  these  questions  are  now  susceptible  to  experi- 
mental answer.  When  these  answers  are  found  they  will 
probably  be  of  great  advantage  to  the  industry. 

Improvement  of  Clays. 

If,  for  example,  it  sliould  be  found  that  an  acid  gel, 
free  of  soluble  salts,  is  most  desirable,  it  would  be  a  simple 
matter  to  blunge  up  clays  with  a  little  acid  (sucli  as  hydro- 
chloric), let  settle,  throw  away  the  overlying  water,  then 
wash  by  adding  more  water,  again  blunging  a  few  minutes, 
letting  settle,  and  running  off  the  overlying  water.  This 
would  remove  the  bases  combined  with  the  gel  and  also  the 
soluble  salts.  It  would  improve  the  color  of  clays  in  which 
iron  is  one  of  the  bases  f)resent  (Rohlandi. 

Similarly,  calcium,  magnesium,  aluminum,  iron,  sod- 
ium or  potassium  might  be  introduced  as  chloride,  or  ni- 
trate, if  found  desirable. 

Thus,  refractory  clays  may  be  made  less  fusil)le  by 
substituting  hydrogen  or  aluminum  for  such  calcium,  mag- 
nesium, iron,  or  alkalies  as  may  be  combined  in  their  col- 
loid matter. 
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CoiiTersely,  pottery  clays  may  be  macle  to  mature  at 
lower  temperature  by  washing-  out  the  refractory  bases 
witli  solutions  of  allcali  salts,  such  as  common  salt,  potas- 
sium nitrate,  etc. 

The  addition  of  cobalt  as  chloride,  sul])hate,  or  nitrate 
to  stain  a  clayware  is  not  practicable:  for  the  writer  has 
found  that  only  about  half  of  it  is  taken  up  by  the  clay, 
and  the  rest  remains  with  the  filterpress  water.  As  cobalt 
salts  are  rather  expensive,  this  loss  could  not  be  viewed 
with  complacency.  Also  cast  ware  could  not  be  made  with 
a  body  so  colored;  for  in  drying  the  cobalt  would  effloresce 
at  the  edges,  and  so  color  them  more  deeply  than  the  rest. 

Aclieson-''  reports  both  deliocculation  and  improved 
plasticity  from  the  use  of  tannin  with  clays,  depending  of 
course,  on  the  use  of  less  or  more  of  the  same  and  the  na- 
ture of  the  qIrjs. 

Some  of  those  that  have  tried  to  verify  his  results 
have  encountered  twisting  and  warping  of  ware,  and  so 
have  condemned  them.  This  is  not  just  to  Achesoii ;  for  in 
all  processes  of  clayworking,  skill  is  a  very  essential  fea- 
ture, and  an  imperfect  mixtui-e  of  the  tannin  could  readily 
acount  for  the  trouble  reported. 

It  would  seem  as  if  some  such  experience  as  this  led 
Keppler--^  to  invent  and  patent  his  process  of  improving 
clays  by,  first,  defiocculating  with  alkali ;  second,  making 
an  addition  of  colloid  matter  from  humus;  third,  reprecipi- 
tating  all  together  by  the  addition  of  acid. 

Auclair""^  has  patented  the  preparation  of  a  ])uve  crys- 
talline ceramic  paste  by  dissolving  out  the  colloids  with 
alkali,  and  removing  the  sol  by  filter-pressing. 

Last  year  the  writer  gave  reasons-^^  for  thiiddng  the 
colloid  matter  of  kaolin  to  have  greater  shrinkage  than 
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that  of  ball  clays.  It  seems  likely  that  safer  body  mixes 
could  be  made  if  all  the  colloid  matter  were  derived  from 
the  ball  clay.  Hence,  there  seems  good  reason  for  the  pat- 
ent for  removing  colloids  from  kaolin. 

The  principal  objection  to  ball  clays  is  the  amount  of 
dirt  carried  by  them.  The  worst  of  this  material  is  in  the 
shape  of  granules  of  iron-containing  materials.  It  seems 
feasible  to  dissolve  out  the  colloid  nmtter  of  ball  clays  by 
suitable  reagents,  leaving  behind  a  sediment  containing 
most,  if  not  all,  of  the  discolorants.  The  colloid  could  be 
coagulated  by  acids  when  required,  and  could  be  made  uni- 
formly incorporated  with  other  materials;  for  instance,  the 
crystalline  kaolin  just  mentioned. 

Of  course,  these  would  be  expensive  processes;  but  the 
demands  made  upon  the  ceramic  industry  for  high  grade 
products  are  daily  becoming  more  exacting;  and  for  some 
purposes  nothing  is  too  good. 

Fuller's  Earth. 

Fuller's  earth  may  be  defined  as  clay  of  especially  liigh 
adsorptive  powers  or  colloid  content.  There  are  many  var- 
ieties. 

The  possibilities  of  improving  or  regulating  it  are 
many. 

As  the  action  is  in  many  cases  the  exchange  of  bases, 
the  first  idea  is  to  see  to  it  that  one's  earth  has  the  base 
best  adapted  to  the  specific  purpose  in  view. 

If  it  is  not  sufficiently  porous  for  most  effective  work- 
ing, it  may  be  made  so  by  heat  treatment.  This  .^ets,  or 
stiffens,  the  colloids  without  destroying  their  reactivity  in 
most  cases.  It  is  the  formation  of  a  mineral  charcoal,  by 
driving  off  the  most  volatile  constituents  while  preserving 
the  structure.  The  gels  of  certain  Fuller's  earths,  how- 
over,  have  their  structure  so  altered  by  drying  out  even  at 
ordinary  temperature  as  to  become  worthless.  This  ac- 
counts for  the  differences  of  opinion  noted  in  technical  lit- 
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i^rature  coiiceriiiiig'  the  desirability  or  uselessness  of  heat- 
ing Fuller's  earth.  The  silicate  aud  the  humus  colloids  are 
probably  uuharmed  b\-  heat,  while  the  iron  hydrate,  alumi- 
num hydrate,  and  silica  colloids  probably  lose  in  activity. 
A  concentrated  Fuller's  earth  may  be  prepared  from 
any  clay  i)y  dissolving  out  the  colloid  matter  aud  recoagu- 
latino^  it. 


■tn 


Sliphouse  Water. 

The  soluble  salts  cont<iined  in  sliphouse  water  may 
have  very  important  effects. 

The  effect  of  hard  water  would  be  to  make  the  clay 
slower  in  blunging  than  it  would  be  in  pure  water.  The 
blunging  of  difficult  clays  could  undoubtedly  be  hastened, 
by  the  addition  of  suitable  alkali,  but  plasticity  would 
probably  be  decreased. 

The  specific  nature  of  the  soluble  salts  may  make 
special  difficulties.  It  is  well  known  that  sulphates, 
whether  derived  from  the  clay  or  from  the  sliphouse  water, 
tend  to  collect  at  the  edges  of  pottery  ware,  to  make  "dry 
edges,"  on  which  the  decoration  is  dulled  or  wholly  spoiled. 
It  would  seem  that  the  potter,  equally  as  well  as  the  brick- 
maker,  could  advantageously  use  barium  carbonate  in  his 
mix  to  overcome  the  difficulties  caused  by  sulphur.  T 
would,  therefore,  propose  that  barium  carbonate  be  added 
to  pottery  mixes  to  overcome  dry  edges. 

If  the  sliphouse  water  takes  up  salts  from  the  clays, 
rather  than  adds  them,  then  by  throwing  away  all  the 
filterpress  water,  the  quantity  of  soluble  salts  in  the  clays 
can  be  reduced. 

When  the  new  pottery  at  Newell,  West  Virginia,  com- 
menced operations,  it  used  exactly  the  .same  materials 
(usually  from  divided  shipments)  and  the  same  body  for- 
mula as  the  plant  that  was  then  successfully  operating  at 
Laughlin,  Ohio.  Rut  there  was  complaint  in  the  clayshop 
of  loss  of  ware.     The  help  claimed  that  the  body  was  not 
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as  plastic  as  at  the  old  plant.  This  coinlition  lasted  for 
some  months,  and  oraduallv  was  lost  si^lit  of. 

Xow  the  clay  bins  were  maile  of  concrete,  and  there 
was  some  seepaii'e  of  ground  watev  inward.  The  blunders 
were  lined  with  brick,  laid  in  cement.  The  troughs  from 
blunger  to  agitator  and  from  sifter  to  agitator  were  of 
cement.  The  agitators  were  lined  with  cement.  After 
some  months'  running,  the  b*)ttoms  of  the  agitators  were 
so  worn  that  it  was  necessary  to  reline  them.  In  all  of 
these  places,  then,  the  clays  could  take  up  free  lime  from 
the  cement.  This  inyestigation  has  sliown  lim^  under  cer- 
tain conditions  to  be  an  effective  deflocculating  agent- 
Apparently  it  was  responsible  for  the  trouble  at  Newell. 
If  such  is  the  case,  then  in  another  such  instance  it  would 
be  easy  to  add  acetic  acid  in  suflicient  amount  wholly  to 
oyercome  the  trouble,  and  with  no  disadyantageous  effects. 

In  this  inyestigation  I  haye  been  yery  fortunate  in 
having  the  unfailing  support  and  helpful  suggestions  of  my 
chief,  Mr.  A.  Y.  Bleiniuger,  and  the  hearty  good  will  of 
my  associates,  especially  Mr.  W.  E.  Emley,  who  assisted 
me  for  some  months,  and  Mr.  t^.  E.  Young,  who  spent  a 
shorter  period  on  the  work. 

Preparation  of  Reagents. 

The  following  describes  how  the  solutions  mentioned 
in  this  paper  were  prepared.  They  A\ere  not  standardized, 
and  were  only  approximately  of  tlie  molar  strength  given: 
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DISCUSSION. 

^fr.  Ries :  I  would  like  to  ask  Mr.  Ashley  one  ques- 
tion. Did  jou  use  distilled  water  in  that?  Did  you  make 
any  determinations  to  see  what  kind  of  materials  would  be 
carried  off  in  solution? 

Mr.  Ashley:  I  elutriated  once  with  distilled  water^ 
but  the  results  were  not  appreciably  different  from  any 
other  runs.  I  have  been  unable,  this  being  a  one-man  pro- 
position, to  do  the  amount  of  analytical  work  which  should 
accompany  such  a  paper.  I  iiave  covered  the  oround  but 
have  omitted  such  laborious  work  as  detailed  chemical  ana- 
lyses of  the  products.  J  have  here  specimens  which 
have  settled  and  which  show  the  line  of  demarkation  be- 
tween the  colloidal  matter  and  the  crystal  matter,  as  shown 
b}^  the  difference  of  color  near  the  edge. 

3Ir.  Ries:  Did  you  make  any  microscopic  examina- 
tions? 

Mr.  Ashley:  We  have  of  the  crystal  residues  of  the 
various  clays  after  dealing  with  the  deflocculating  agent. 
In  that  way  we  have  obtained  crystal  residues  from  fire- 
clays, Florida  kaolin,  Tennessee  ball  clay,  and  from  the 
various  other  things. 

Mr.  Piirdy:  Do  I  understand  you  to  say  tliat  the  vol- 
ume of  clay  increased  witli  the  addition  of  water? 

Mr.  Ashley:     Yes. 

Mr.  Purdy:     What  is  that  due  to? 

Mr.  Ashley  :  Possibly  due  to  the  swelling  of  a  spongy 
structure. 

Mr.  Purely :  Would  the  specific  gravity  be  less  after 
swelling? 

Mr.  Ashley:  I  am  not  prepared  to  make  a  statement 
on  that.  I  do  not  know  that  the  specific  gravity  changes 
greatly  after  being  swelled  up  in  water. 

Mr.  Purely :  I  do  not  believe  that  your  example  is 
hardly  an  analogous  one.  If  you  note  the  true  specific 
gravity  of  a  swollen  sponge  it  may  not  be  less  after  swell- 
ing than  before,  l)ut  would  not  the  clny  ]>;n-ti(lcs  that  are 
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swelling  the  gels,  as  you  call  them,  decrease  in  specific 
graYitY  as  they  swell? 

Mr.  Ashlcij:     I  am  not  prepared  to  say. 

Mr.  Furdij:  On  what  basis  do  yon  say  that  they  in- 
crease in  Yoluine? 

Mr.  Ashh'ij:  I  ha  Ye  examined  in  under  the  micro- 
scope. 

Mr.  Piirdy:  You  state  that  the  clay  in  swelling  push- 
es the  grains  apart.  Would  the  clay  as  a  whole,  therefore,. 
haYe  a  smaller  specific  graA'ity  after  swelling  than  before 
swelling? 

Mr.  Ashley:     Yes,  a  smaller  bulk  graYity. 

Mr.  PunJji:  Would  the  density  of  that  clay  be  less 
in  water  than  in  a  solution  that  would  not  effect  the  col- 
loids and  cause  the  swelling? 

Mr.  Ashley:  If  you  wish  to  consider  the  clay  satur- 
ated in  \Yater  or  in  alcohol,  assuming  it  to  swell  equal 
amounts,  its  bulk  graYity  in  the  alcohol  would  be  the  les- 
ser, that  is,  the  weight  of  the  equal  l)ulks  would  be  greater 
with  water  in  the  pores  and  less  with  alcohol  in  the  pores. 

Mr.  Purely :  I  am  not  speaking  of  ''bulk  graA'ity."  T 
refer  only  to  the  specific  graYity  of  the  clay  grains.  Now 
if  you  take  one  sample  of  clay  and  shake  it  up  in  water  and 
another  sample  of  the  same  clay  in  ether,  alcohol,  or  coal 
oil,  and  the  clay  appears  to  occupy  a  larger  Yolume  in  the 
water,  the  specific  graYity  ought  to  be  less  in  the  water 
than  in  these  other  solutions. 

Mr.  Ashley:  Y^es;  if  hj  that  you  mean  that  the  bulk 
specific  graYity,  that  is,  the  weight  of  the  clay  plus  that 
of  the  water  that  swells  it  up,  diYided  by  the  Yolnme  of  the 
swelled  uj)  mass,  using  gram  and  centimeter  units.  Of 
what  do  you  speak? 

Mr.  Purdy :  I  mean  of  the  true  specific  graA'ity.  Y'ou 
are  dodging  the  issue  when  you  speak  of  "bulk  specific 
graYity."  Y'ou  know  as  well  as  T  do  Iioay  specific  graYity 
of  powders  are  made.  Now  if  you  shake  samples  of  pow- 
dered clay  in  water,  ether,  alcohol,  etc.,  would  the  specific 
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gravity  of  the  clay  be  tlie  same  with  each  of  the  liquids 
when  in  one  solution  tlie  particles  hydi'ate  and  in  tlie 
others  they  remain  unchanged  in  volume? 

Mr.  Ashley:  I  do  not  know  what  the  tiMK^  specific 
gravity  of  the  colloid  matter  is. 

Mr.  Purdy:  Of  course  not,  because  you  know  nothing 
about  the  supposed  colloids  in  clays  except  by  indirect  in- 
ferences. You  state  tliat  the  gi-inding  of  any  material  in 
water  would  introduce  into  it  the  jelly-like  substance. 
Now,  I  Avant  to  know  wln^re  you  <^{'{  your  jelly-like  sub- 
stance by  mere  grinding? 

Mr.  Ashley:  The  elTect  of  the  grinding  is  to  expose 
fresh  surfaces  of  these  minerals  upon  which  the  water  has 
a  hydratiiig  etfect,  forming  the  colloidal  liydrates,  and  in 
that  way  the  amount  of  colloidal  matter  is  increased  in 
the  grinding.  Our  friend,  ^\\\  rushman,  ])resented  to  this 
society  on  the  grinding  of  felds]>ar  an  o])inion  on  tliis. 

Mr.  Puvly:  lie  was  not  grinding  tlinL  I  am  asking 
you  about  flint.  Have  you  made  the  colloidal  silicic  acid 
by  grinding  Hint?  Cushman  did  not  devolo])  colloids  ac- 
cording to  any  of  his  own  statements.  T  am  asking  you 
about  flint. 

Mr.  Asldeji:  It  is  a  well  known  fact  that  tlie  longer 
"flint"  is  ground  the  more  sticky  and  inclined  to  cake  it 
becomes,  and  witli  such  fine  grinding  a  caking  charactei'is- 
tic  is  almost  invariably  a  sign  of  the  presence  of  colloidal 
material. 

Mr.  Purdji:  You  are  taking  the  caking  as  evidence. 
You  do  not  admit  that  very  fine  particles  will  do  the  very 
s;ame  thing. 

Mr.  Ashley:  T  think  these  particles  which  I  am  dis- 
russing,  these  colloid  particles,  are  very  fine. 

Mr.  Purdy :  That  is  what  I  am  leading  to.  Are  your 
pai'ticles  rough  jellies,  or  fine  particles? 

Mr.  Ashley:  They  are  fine  particles  but  they  also 
liave  these  characteristics  which  we  know  as  colloidal. 

.]fr.   /*ii)-<li/:     Do  they  swell  up  v»hen  dampened? 
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Mr.  AshJcij:     When  wetted. 

Mr.  Purdji :  I  doubt  that.  Mr.  Bleiiiiuger  spoke  of 
preheated  clays  having  the  same  colloidal  content  as  be- 
fore heating  and  vet  do  not  shrink  and  crack  as  badly. 
How  do  you  explain  that? 

Mr.  Ashley :  If  we  take  a  sample  of  glue,  for  exam- 
ple, and  heat  it  up  to  a  sufttciently  high  temperature  with 
exclusion  of  air,  that  glue  will  change  over  to  charcoaL 
Charcoal  is  a  "set"  colloid.  It  retains,  in  a  measure,  in  a 
permanent  form  the  structure  of  the  sul)stance  from  which 
it  was  prepared.  It  no  longer  shrinks  and  swells,  nor  can 
it  form  a  sol.  These  properties  can  be  restored  only  by 
extensive  chemical  reactions.  But  it  does  retain  the  char- 
acteristic colloidal  properties  of  absorption  and  adsorp- 
tion. 

Tlie  preheated  clay  is  a  mineral  charcoal,  so  to  speak. 
The  more  volatile  constituents  of  the  clay  gel  have  been 
driven  off,  the  structure  is  preserved  much  the  same,  the 
adsorptive  power  is  practically  the  same,  but  the  a]>ility  to 
shrink  and  swell  is  cut  down. 

Mr.  Furdy :  I  fail  to  see  your  analogy.  You  have 
taken  these  colloids  from  the  true  jelly-like  condition  OAcr 
to  a  dry  condition  consisting  of  particles  but  which  still 
retain  power  of  adsori)tioii.  Your  colloidal  proposition  in 
preheated  cla.ys  then  is  different  from  tliat  in  flint.  In 
preheated  clays,  according  to  your  statement,  the  colloidal 
particles  do  not  swell  Avliilc  in  ground  flint  they  do  swell. 
How  did  3'ou  arrive  at  this  conclusion?  If  by  adsorption 
experiment  alone,  will  you  explain  the  phenomena  of  ad- 
sori)tion  for  instance  in  charcoal? 

Mr.  AsJilcy:  The  adsorption  by  charcoal  I  consider 
to  be  a  case  of  chemical  metathesis  largely,  an  excliange  in 
which  the  charcoal  gives  up  something  and  usually  re- 
ceives more  in  exchange. 

Mr.  Purely :     Does  the  charcoal  react  with  the  gels? 

Mr.  Ashley:  Hundreds  of  experiments  have  beeu 
performed  in  many  laboratories  on  the  reactions  of  vhnv- 
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coal  with  solutions.  I  luxve  heard  it  strongly  (lonl)ted  by 
very  able  chemists  whether  a  charcoal  of  greater  purity 
than  95%  carbon  has  ever  been  prepared.  The  impurities 
may  easily  be  10%  or  more.  Their  isolation  and  study 
appears  to  present  great  difficulty.  Xe\'ertheless  some  pro- 
gress has  been  made,  and  some  of  the  separated  substances 
liave  been  shown  to  ha^e  similar  precipitnting  power  to 
that  commonly-  attri1)uted  to  charcoal.-^- 

Mr.  Purdy:  The  investigators  of  that  subject  have 
not  come  to  any  conclusion  as  to  the  nature  of  the  phe- 
nomena of  adsorption  of  charcoal.  Tliere  are  pretty  nearly 
as  man^'  opinions  as  there  are  investigators. 

Mr.  Ashley:  The  investigators  are  pretty  well  di- 
vided into  two  groups — those  who  think  adsorption  a 
ph^^sical  phenomenon  and  tliose  who  think  it  chemical 
precipitation. 

T.  Brailsford  liobertson,  of  the  University  of  Califor- 
nia, in  an  elaborate  paper'-*  has  recently  shown  tliat  the 
mathematical  equations  used  by  the  physicists  t.>  repre- 
sent the  observed  facts  of  adsorption  are  but  special  cases 
of  the  mass  action  law  of  chemistry;  and  are  in  no  wise 
inconsistent  with  the  cliemical  exidanarlon,  but  rjither 
Mrengthen  it. 

Mr.  Purely:  There  is  very  little  agreement  on  the 
mibject.  I  would  like  to  ask  Mr.  Ashley  another  question. 
In  your  work,  have  you  seen  the  particles  at  all,  that  is, 
the  molecules? 

Mr.  Ashley:  Picton  and  Liiider'^  expressed  the  be- 
lief in  1892  "that  there  is  a  continuous  series  of  grades  of 
solution  passing  without  break  from  suspension  to  crys- 
tallizable  solution."  Mayer,  ►Schaeifer,  and  Tei-i'oine-''' 
found  the  addition  of  traces  of  alkali  to  an  ultramicro- 
scopic  suspension  had  the  effect  of  diminishing  the  size  of 
the  colloidal  granules  if  the  solution  ^"s  negative,  and  the 


2- Glassner  and  Suirla;   Annalen,   361,  353    (190S). 

^•' Zeitschrift  fiir  Chemie  und  Industrie  cler  Kolloide,   3.   4!)   M'.)OS'i. 

SI  J.  Chem.  Soc,  61,  171  (1892). 

=•>  Compter  rendus,   145,  91S-920   (1907). 
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addition  of  acid  produced  the  inverse  effect.  H.  R.  Proc- 
tor^*' states  '^In  tlie  tYpit-al  crystalloid  solution  of  an  elec- 
trolyte, the  dissolved  body  is  separated  into  its  molecules, 
and  to  a  large  extent  into  individual  ions,  ^yhile  in  the 
colloid  sol  the  units  of  distribution  are  either  large  and 
often  conjugated  molecules  or  more  frequently  minute 
particles  composed  of  many  molecules  united  by  cohesise 
attraction.  These  grade  into  each  other.  It  is  by  no  means 
impossible  that  very  large  molecules  or  molecular  aggre- 
gates may  displace  and  polarize  light,  and  mav  even  be 
made  visible  by  the  ultra-microscope. 

A  Coehn'^'  has  verified  the  earlier  obsei-vatioii  of 
Lobry  de  Bruyn^^  that  this  is  at  least  partly  true  in  the 
case  of  sugar.  AV.  H.  Brewer'^  said  ''Those  sul>stances 
which  retard  the  'Brown ian  movements'  hasten  the  pre- 
cipitation," applying  the  remark  to  fine  grains  of  sand, 
fiocculent  clays,  and  pulverized  charcoal.  J.  Perrin^'  has 
carefully  measured  the  "Brownian  movements,"  and  finds 
them  to  be  of  exactly  the  magnitude  that  the  kinetic  theory 
gives  for  the  movements  of  molecules  of  the  size  of  the 
particles  that  he  studied. 

With  the  closely  agreeing  observations  of  these  and 
other  investigators  at  hand,  I  have  no  doubt  of  the  exist- 
ence of  the  large  molecules  described  in  today's  paper. 

Mr.  Purdy.  Are  your  colloids  suspensions  or  are 
they  solutions? 

Mr.  AshJey:  Colloidal  solutions.  A  solution  is  hom- 
ogeneous in  this  sense  —  if  two  equal  portions  of  suffi- 
ciently large  size  are  taken  each  will  have  the  same  com- 
position as  the  other.  But  if  you  talk  about  the  ultimate 
composition  of  a  solution,  it  is  not  homogeneous  but  heter- 
(»geneous,  say  a  solution  of  common  salt.  It  contains  water 
molecules,  a  portion  of  which  are  broken  down  into  hydro- 


="•  Chemical   News,    98,    152,   167.    175    CISOS). 
"Z.  Elektrochem.,   15,  G52-4   (1909). 
=«Rec.  trav.  chim..  23,  155   (1904). 
^»Mem.  Nat.  Acad.   Sciencef?.  2,  l(i5   (1883). 
<"Ann.   chim.  phys..   18.  5-114. 
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gen  ions  and  liyclroxyl  ions,  also  sodium  chloride  mole- 
cnles,  a  portion  of  which  are  broken  down  into  sodium 
and  chlorine  ions.  Further,  some  of  these  ions  recomhine 
to  form  sodium  hydroxide  and  hydrochloric  acid.  The 
combinations  are  being  made  and  broken  at  a  furious  rate. 
The  ultimate  structure  of  a  solution  is  homogeneous  only 
as  an  average  of  a  sufficiently  large  number  of  molecules. 

Clay  sols  are  true  suspensions:  they  are  at  the  Itoun- 
dai-y  where  solution  and  susp(^nsiou  overlap,  and  are 
identical. 

,1//-.  Piirdy:  The  only  investigator  who  has  actually 
seen  these  particles  by  aid  of  an  ultro-microscope  has  de- 
iined  the  substance  as  very  tine  particles,  the  very  things 
that  I  described  last  year  as  being  responsible  for  plas- 
ticity. TJiese  very  fine  particles  are  what  makes  up  the 
so-called  colloids.  This  substance  feels  like  jelly,  simply 
because  these  particles  are  too  small  to  be  felt.  They  sim- 
ply slip  over  one  another  without  appreciable  displace- 
ment between  the  fingers.  Tt  is  merely  the  suspenrling  of 
xevy  line  particles — grinding  them  down  to  the  limiting 
value  in  smallness.  Colloids  in  the  clay  are  largely  par- 
ticles in  suspension.  Nine-tenths  of  the  paper  that  you 
have  heard  today  is  in  direct  ai-gument  of  the  point  I 
argued  last  year  and  which  I  still  favor.  I  have  not  made 
any  personal  iuA^estigations  this  year  \i])on  the  subject,  but 
I  have  a  list  of  references  that  cover  two  or  three  letter 
sheets  and  which  support  the  very  views  that  I  have  sup- 
ported, and  about  one-half  of  them  say  the  very  things 
that  I  have  said  concerning  the  plasticity  and  in  faA'or  of 
colloidal  suspensions. 

Mr.  Ashley  admits  tliat  if  clay  swells  iip  when  wetted, 
due  to  swelling  of  the  coHoids,  it  ^^■ould  have  a  smaller 
specific  gravity  in  water  tlian  in  ether  or  alcohol.  Earns 
disproved  that  such  was  the  case.  He  obtained  no  differ- 
ence in  specific  gravity  of  clays  iu  tlie  diiferent  solutions 
showing  that  the  clay  pai-ticlcs  do  not  swell  Avhen  wetted 
with  water.  That  is,  tlicic  is  no  a])])reciable  hydration 
wlicii  clavs  are  uiixed  with  water. 
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Mr.  Ashley  contends  furtiier  that  the  true  specific 
gravit}'  of  a  sponge  or  nuY  other  cellular  body  that  swells 
when  wetted  is  not  changed  therel^y.  1  agree  with  him  in 
that,  but  he  does  not  contend  that  his  clay  colloids  are  like 
sponges.  He  saj-s  that  thej  swell  up  by  becoming  hy- 
drated.  If  this  is  so,  then  I  contend  that  the  clay  swollen 
by  hydration  will  change  in  true  specific  gravity.  He  has 
not  established  the  fact  that  difference  in  true  specific 
gravity  of  hydrated  silicic  acid  and  the  same  when  dehy- 
drated is  proportional  to  the  difference  in  water  content. 

He  refers  to  the  caking,  etc.,  of  finely  ground  material 
as  evidence  of  presence  of  colloids,  ^letallurgists  do  not 
consider  this  same  phenomena  in  slimes  as  being  due  to 
colloids.  They  claim  it  is  evidence  only  of  very  fine  grains. 
Here  again  he  claims  hydration  of  the  fine  flint  particles. 
He  does  not  prove  it. 

I  presented  data  showing  close  comparison  of  volume 
of  excess  water  required  for  plasticity*  and  size  of  particles 
in  several  clays.  I  demonstrated  that  that  volume  of  ex- 
cess of  water  equaled  the  calculated  volume  of  water  that 
would  be  held  about  the  j^articles  by  molecular  attraction 
as  in  Grout's  theory  of  plasticity.  It  was  this  envelope  of 
water  about  the  particles  that  I  claimed  as  the  cause  of 
swelling  the  clay  mass  and  not  swelling  of  the  individual 
grains.     Bourry,  I  find,  made  this  same  point. 

I  do  not  disclaim  l)elief  that  clays  contain  salts  that 
will  hydrate.  I  do  disclaim  knowledge  of  any  evidence 
liaving  been  presented  that  permits  anyone  to  claim  hydra- 
tion of  these  salts  as  cause  for  plasticity. 

You  can  not  compare  eftevt  of  fine  grinding  of  flint 
which  is  very  slightly  (if  at  all )  dissociated  by  grinding 
in  water,  with  the  grinding  of  feldspar  that  is  compara- 
tively easily  dissociated. 

If  colloids  are  in  the  main  fine  particles,  then  we  ai'c 
agreed.  Why  not  call  them  fine  ])articles  i-ather  than  by 
the  generaly  misunderstood  and  bewildering  term — col- 
loid? Why  not  dro])  tlie  discussion  of  gels  and  sols  and 
call  your  colloids  by  their  (•orr(M-t  names — fine  ])arti(des? 
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Since  Mr.  Ashley  admits  his  colloids  to  be  of  the  col- 
loidal suspension  type,  1  am  led  to  believe  that  he  has 
allowed  himself  to  be  lost  in  an  experimental  chemistry 
maze  by  deductive  reasoning  from  premises  that  have  only 
an  apparent  bearing  on  the  question  under  discussion.  His 
finding  that  the  colloidal  content  of  cla3^s  is  not  altered  by 
preheating,  notwithstanding  the  fact  that  a  "profound 
change"  is  caused  in  the  plasticity  and  drying  shrinkage, 
confirms  this  belief,  for  here  he  can  no  longer  sustain  the 
hydration  hoax.  His  claim  to  understand  the  phenomenon 
of  adsorption,  and  his  total  disregard  of  the  physical 
phases  of  this  unique  proiDerty  of  charcoal  and  clay  par- 
ticles does  not  strengthen  his  position. 

In  closing,  permit  me  to  remind  you  that  Mr.  Ashley 
has  succeeded  very  well  in  at  least  one  thing,  and  that  one 
thing  is  the  presentation  of  data  that  completely  spoils  his 
elaborate  method  of  measuring  the  plasticity  of  clays  and 
giving  to  the  clay  a  numerical  plasticity  A^alue.  I  ridiculed 
that  last  year.  I  need  not  do  so  this  year,  for  on  preheat- 
ing clays  Mr.  Ashley  finds  plasticity  materially  decreased 
but  colloidal  content  unchanged.  His  modulus  is,  there- 
fore, by  his  own  testimony,  discredited. 

Mr.  Aside j/:  On  the  contrary,  1  consider  this  year's 
work  to  confirm  last  year's  assertion  that  j)lasticity  is 
given  by  "relative  colloids  X  air  slirinkage  -^  surface  fac- 
tor." Tf  the  preheating  is  carrie<l  so  far  as  completely  to 
destroy  the  air  shrinkage,  the  expression  reduces  to  plas- 
ticity ==0,  even  though  the  adsorption  of  dye  shows  a  con- 
siderable colloid  content  (of  set  gels). 

Moreover,  the  dye  selected  for  the  measurement  of 
colloid  content,  malachite  green  oxalate,  is  probably  the 
best  in  existence  for  the  purpose.  It  is  a  salt  \\hose  base 
is  a  complev  ammonia  that  forms  insoluble  compounds 
with  the  colloid  acid  radicals,  while  its  oxalate  radical 
forms  insoluble  oxalates  with  all  the  bases  that  keep  clay 
in  the  coagulated  condition.  Theref(U'e,  its  reaction  with 
colloid  matter  is  very  complete.     It  fails  indeed    (is  de- 
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colorized)  witli  alkaline  clays,  which  however  are  not 
included  among  the  clays  used  for  the  better  classes  of 
clay  wares.  As  both  the  sulphate  and  chloride  of  this  dye 
are  soluble  in  water  no  serious  interference  can  be 
ascribed  to  such  soluble  salts  as  occur  in  clays.  No  other 
dye  is  so  free  from  objections  and  so  ^ell  suited  for  colloid 
measurements. 


THE  WARP  AGE  OF  ROOFING  TILE  CLAYS.* 

BY 

AV()L8EY  G.  Worcester,  Columbus,  Ohio. 

In  a  search  of  the  avaikible  ceramic  literature,  very 
little  could  be  found  pertaining  to  the  above  property  of 
clays. 

With  a  previous  knowledge  of  the  troubles  encoun- 
tered by  the  roofing  tile  manufacturer  from  the  warpage 
of  his  ware  while  under  fire,  much  of  the  following  work 
has  been  directed  to  the  determination  of  those  clays  most 
likely  to  prove  troublesome  and,  if  possible,  to  point  out 
by  pyro-physical  tests  the  clays  to  be  avoided  when  making 
a  selection  of  clay  for  roofing  tile  manufacture. 

In  the  past  the  universal  opinion  has  been  to  class 
warpage  with  shrinkage;  that  is,  a  clay  having  a  high 
shrinkage  would  be  classed  as  one  that  would  deform 
badly. 

In  a  general  way,  this  may  possibly  be  true,  l>ut  such 
a  theory  leaves  very  much  to  explain  in, studying  wari>age. 
In  projecting  this  investigation,  it  was  believed  that  the 
warpage  of  a  clay  could  l)e  attributed  chiefly  to  the  vis- 
cosity of  that  clay  resulting  from  its  mineralogical  make- 
up. By  the  term  viscosity  is  meant  the  degree  of  fluidity 
of  the  cla}^,  in  flowing  or  bending  while  under  heat.  For 
instance,  tar  is  said  to  be  a  fluid  of  high  viscosity,  while 
Avater  compared  to  tar  is  of  low  viscosity.  Thus  clays  with 
a  high  degree  of  viscosity  would  be  expected  to  resist 
warpage,  while  those  witli  a  ]o^^■  viscosity,  lend  themselves 
freely  of  this  trouble. 

On  the  theory  that  mineralogical  composition  is  in- 
strumental in  this  defect,  tlie  following  references  were 
found  bearing  more  or  less  directly  on  the  situation  : 

*  By  permission  of  Dr.   J.    A.    Bownoc-ker,    Stale  Geolog-ist   of   Ohio. 
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Influence  of  Feldspar.  Tliat  coiiiplete  vitrirication  is 
not  necessary  to  the  development  of  warpage  lias  been 
shown  by  Day  and  Allen^  in  a  paper  upon  "Tiie  Isnior- 
phisni  and  Thermal  Properties  of  Feldspai's/' 

The  above  writers,  in  an  attempt  to  study  the  viscosity 
of  feldspars  at  their  meltini>-  point,  prepared  slivers, 
about  30  X  2  X  1  mm.,  of  the  feldspars.  These  slender  trials 
were  then  spanned  aci'oss  small  empty  platinum  crucibles, 
and  placed  side  by  side  in  the  furnace.  These  exposed  crys- 
tals were  heated  to  1225^  for  tliree  hours.  AYhen  removed 
they  were  completely  amorphous  (melted)  luit  retained 
their  position  Avith  hardly  a  sign  of  sagging. 

Other  slivers  were  heated  in  some  instances  to  1300° 
for  a  few  moments,  and  while  at  this  temperatun^  a  ]ilati- 
nnm  rod  was  inserted  through  a  hole  in  the  top  of  the 
furnace  and  allowed  to  rest  as  a  load  upon  the  middle  of 
the  crystal  bridge.  T'luler  this  load  the  slivers  gradually 
gave  way. 

Slides  cut  from  these  ti-ials  showed  no  squeezing  out 
of  the  melted  portion  between  the  crystal  fragments  on 
the  side  toward  the  center  of  curvature,  or  open  cracks  on 
the  outer  side.  On  the  other  hand  there  ^^•as  evidence  of 
the  bending  of  the  crystal  as  well  as  the  vitrious  portion. 
Further  they  say  with  a  degree  of  confidence  that  the 
order  of  magnitude  of  the  viscosity  of  the  molten  [)0]-tion 
is  the  same  as  the  rigidity  of  the  crystals  at  these  temper- 
atures. 

From  the  above  it  has  been  shown  tliat  while  the  feld- 
spars had  completely  fused  or  melted,  their  viscositv  was 
so  high  that  deformation  did  not  take  place  until  a  load 
had  been  applied. 

While  Day  and  Allen  have  sliown  that  pure  crystals 
of  feldspars  are  extremely  viscous,  the  action  of  these 
same  feldspars  in  connection  with  a  mineral  mixture  like 
ordinary  clays  may  become  (piite  chaitged.  In  the  case  of 
clays  the  feldspar  may  act  as  a  flux  or  solvent  to  some  ])or- 

'  American   Journal   of   Science.   Vol.    XIX.    p.    122. 
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tions  of  the  mass  and  form  glassy  compounds  that  may  be 
of  low  viscosity. 

This  glassy  compound  could  huxe  a  low  viscosity  and 
still  not  cause  deformation  in  the  ware.  In  such  a  case 
the  glass  would  be  formed  throughout  the  body  without 
affecting  a  complete  fusion  of  the  latter.  In  other  words, 
the  glass  could  form  and  drain  down  or  away  from  the 
mass,  leaving  it  a  skeleton  unchanged,  and,  with  the  same 
degree  of  rigidity  or  viscosity  that  it  possessed  before  the 
glass  was  formed.  Examples  of  this  are  seen  in  bricks 
which  stick  together  upon  burning,  and,  at  the  same  time, 
do  not  show  any  signs  of  kiln  marking. 

On  the  other  hand,  should  the  fluxes  and  the  other 
mineralogical  ingredients  of  the  cla}^  be  of  the  pi*oper 
proportions  and  condition  to  form  a  vitrification  of  the 
entire  mass  into  a  compound  of  low  viscosity,  a  high  de- 
gree of  deformation  would  result. 

The  action  or  influence  of  feldspar  upon  an  ordinary 
clay  is  unquestionably  a  matter  of  condition,  depending 
upon  the  size  of  grains  of  the  feldsi)ar  and  their  relation 
to  the  other  ingredients.  Should  the  feldspar  be  present 
in  relatively  large  grains,  its  influence  would  largely  l)e 
that  of  resistance  to  warpage,  while  the  same  quantity  of 
feldspar  finely  pulverized  and  intimately  mixed  through- 
out the  mass  could  cause  a  raj^id  reduction  in  the  degree 
of  viscosity  of  the  clay  as  a  Avhole, 

Influence  of  Mica.  Tlie  extent  to  which  mica  influ- 
ences the  viscosity  of  a  clay  is  not  definitely  known.  Its 
action  as  a  fluxing  ingredient  has,  however,  been  quite 
thoroughly  studied. 

StulP  has  shown  tiiat  mica  wlien  finely  ground  lias 
practicalh'  the  sanu^  fluxing  poAver  as  feldspar.  Hence 
when  present  in  a  clay  hody  as  a  fine  powder,  mica  may 
affect  a  fusion  of  the  ingredien.ts,  and  may  act  largely  as 
feldspar  does  on  the  resulting  solution. 

In  large  flakes,  however,  it  may  act  directly  opposite. 

-  TransactioriK  American   Ceramic   Society.    Vol.   IV.    p.    225. 
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It  is  not  at  all  imeoiumon  to  liiul  Hakes  of  mica  reiiiaiiiiug 
unaffected  in  hard-fire  biscuit  ware,  proving  that  in  large 
grains  mica  does  not  act  as  a  flux  at  cone  8.  Thus,  if  dis- 
tributed throughout  a  clav  mass  in  relatively  large  pieces, 
it  may  have  a  strong  action  upon  the  viscosity  of  the  clay 
by  its  slowness  to  react  with  the  other  ingredients. 

Mica  taken  alone  requires  about  cone  13  to  melt  it, 
as  shown  by  Rieke.^  AVhen  present  in  ordinary  clays  or 
shales,  burning  at  or  near  cone  1,  it  is  therefore  not  likely 
that  mica  assists  very  greatly  in  softening  the  body,  but 
is  more  apt  to  increase  its  degree  of  viscosity  as  a  sterile 
ingTedient. 

Influence  of  Alumina,  rurdy^  says  that  AI0O3  not 
only  raises  the  actual  period  at  which  fusion  is  completed, 
but  also  causes  the  wares  made  from  aluminous  clays  to 
soften  and  deform  very  slowly.  This  slower  softening  and 
deformation  of  the  Avare  he  attributes  to  an  increase  in 
viscosity  of  the  mass  caused  by  the  alumina. 

The  same  writer  has  shown"*  that  the  addition  of 
AI2O3  as  a  constituent  in  a  stone  Avare  glaze  up  to  a  pro- 
portion of  alkali  and  alkaline  earths  to  alumina  of  2.5  to  1 , 
not  only  rendered  the  glaze  iiiore  fusible,  but  also  less 
viscous.  The  addition  of  alumina  above  this  proportional 
amount  increased  the  refractoriness  of  the  glnze  if  not  its 
viscosity. 

That  additions  of  alumina  to  slags  and  glasses  causes 
the  viscosity  to  rise  is  a  well  known  fact.  Frink,  in  a 
paper,  ''The  Effects  of  Alumina  on  Glass''*^  points  out  that 
a  glass  containing  from  3  to  5%  of  alumina  will  haA-e  a 
less  tendency  to  take  the  imperfections  of  the  mold  than  a 
glass  containing  no  alumina.  In  other  Avords,  the  viscosity 
of  the  glass  containing  the  alumina  is  higher. 

From  the  above  examples  it  can  be  seen  that  the  effect 
Avhich  alumina  may  have  upon  the  viscosity  of  a  ceramic 

3  Sprechsaal  No.   38.   1906. 
<  Bull.  9.  lU.  Geo.   Surv. 
=  Trans.  A.   C.   S.,  Vol.  Y. 
«  Trans.  A.  C.  S.,  Vol.  XI. 
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iiiixturc   will   depend   laiufly  upon    its  pi-oportioii   to   the 
other  ingredients. 

Influence  of  Magnesia.  In  a  paper  ''The  Influence  of 
^Magnesia  on  Clay""'  it  has  been  pointed  out  that  magnesia, 
vhen  added  to  a  shale,  has  very  greatly  widened  tlie  vitri- 
fieation  range  of  that  shale,  as  shown  by  the  follovring 
table : 

TABLE  I. 


Absorption 

Test 

ConrOS  1 

Cone    1 

Co  e  3         1         Cone   5 

C— 1 

Shale  100,  Whiting  2.^ 

21.9 

Melted 

1 

C--2 

Shale  100,  Whiting  i2i/o... 

20.4 

Vitrified 

Melted     ' 

Shape 

C— 3 

Shale  100,  Magnesite  21     . 

32.8 

7.3 

Vitrified    Retained 
Slightly 

C— 4 

Shale  100,  Magnesite  H'l^. 

28.4 

.32 

Vitrified     Swelled 
Parti  all  > 

C— 5 

Shale  100,  Dolomite  22 

22.4 

.78 

Melted       Melted 

C— 6 

Shale  100,  Dolomite  n 

17.7 

11.. 5 

Blisterec   Melted 

Shale,  without  additions... 

12.0 

12.1 

Blisterer,     .      . 

It  will  be  observed  tliat  C — 3  shows  a  good  degree  of 
vitrification  at  cone  I,  is  completely  vitrified  at  cone  3 
but  still  ]-etains  its  shape  at  cone  5. 

(' — 4,  Axdiile  only  containing  onedialf  as  nmdi  magne- 
site, acts  very  much  the  same  as  C — 3. 

The  shale,  the  shale-wluting  and  the  shale-dolomite 
mixtures  failed  com|)letely  at  cone  3  with  a  loss  of  shape. 
It  can  tlierefore  be  seen  that  the  magnesite  has  very  ma- 
trially  raised  the  viscosity  of  the  shale,  while  the  whiting 
and  dolomite  have  tended  to  produce  the  o]>posite  effect. 

The  same  writer  in  a  brief  review  of  a  pai)er  by  Dr. 
Mackler  before  the  German  Society  foi-  ("lay,  Cement  and 
Lime  Industries,  «iys  that  ^'tlie  action  of  magnesia  on 
chiys  is  a  subject  to  which  little  attention  lias  been  ])aid; 
but,  it  was  shown  that  exceedingly  valuable  properties  are 
imparted  to  clays  carrying  this  element  naturally  or  arti- 
ficially. The  characteristics  of  clays  of  this  nature  ar(> 
that  they  may  be  made  into  w,\ve  of  extreme  lenglhs  and 

■  Trans   A.   C.   S.,   Vol.   V,   p.   130. 
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with  very  tliiii  walls,  wliicli  may  be  very  nearly  vitrified, 
and  still  be  ke])t  perfectly  straiolit  ami  true." 

Other  ceraniie  inYestif>ator8  have  fonnd  widely  differ- 
ent re.snlts  in  the  nse  of  magnesia  as  a  Mux.  Some  claim 
that  it  is  very  active,  while  others  claim  not.  In  a  oeneral 
way  it  is  considered  as  increasing  the  viscosity  of  ceramic 
mixtnres.  In  the  metallurgical  field  magnesia  is  said  to 
have  a  strong  eftect  upon  the  viscosity  of  the  slag. 

Purdy^  says  that  the  only  known  facts  cojicerning  the 
iufiuence  of  magnesium  oxide  in  ceramic  mixtni-es  are  :  ( I ) 
magnesium  oxide  increases  viscosity;  (2)  magnesium  ox- 
ide causes  slower  rate  of  fusion,  at  least  when  it  is  tlw; 
predominating  flux;  (3)  clays  which  make  a  good  paving- 
brick  contain  a  larger  amount  of  magnesium  than  calcium 
oxide;  (4)  the  Italians  are  now  making  low-fire  porcelain 
of  which  toughness  is  a  special  feature,  and  in  which  mag- 
nesium is  the  only  RO  present. 

Influence  of  Lime.  While  the  effect  of  lime  on  kao- 
lins has  been  very  carefully  investigated  by  Dr.  Kieke'-^,  it 
was  for  the  greater  part  a  study  of  the  fluxing  power  of 
the  lime,  so  that  little  light  is  throAvn  upon  the  manner  in 
which  lime  may  influence  the  rate  or  amount  of  wai-page 
in  ordinary-  clays  and  shales. 

The  above  investigator  has  shown,  howcnt'r,  that  a 
mixture  of  kaolin  and  from  1  to  10  per  cent  calcium  car- 
bonate has  a  comparatively  wide  vitrification  range  and  a 
slow  fusion,  while  in  mixtures  of  over  109r  calcium  car- 
bonate the  body  does  not  vitrify  until  late  and  then  melts 
or  fuses  very  suddenly. 

In  either  case  it  is  more  than  likely  that  the  calcium 
carbonate  will  act  as  a  retarder  of  warpage  up  until  the 
time  when  it  becomes  strongly  active  as  a  flux;  from  thai 
period  on,  it  is  not  at  all  improbable  that  lime  causes  a 
low  viscosity  in  the  ordinary  clays.  Strong  evidenr-e  of 
this  can  be  seen  on  every  hand  Avhere  high  calcareous  clays 
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lire  being  used;  the  ovev-biiriied  wjire  is  invariably  in  ii 
hopelessly  distorted  condition. 

That  lime  Avill  prevent  warpage  to  a  large  degree  in 
the  early  stages  of  vitrification  is  clearly  brought  out  in 
the  No.  3  or  Cramer  warpage  trials,  of  clays  E  and  ^,  to 
be  described  latei*.  While  these  clays  have  developed  but 
;i  small  degree  of  deformation,  their  porosity,  as  will  be 
noted,  is  still  very  high.  The  manner  in  which  lime  pre- 
vents warpage  is  without  question  directly  traceable  to  its 
dry  or  slow  fusion  in  the  early  stages  of  vitrification. 

COLLECTION  OF  SAMPLES. 

The  clays  used  in  this  wiu'k  were  collected  in  every 
instance  from  roofing  tile  plants,  either  active  or  recently 
closed.  The  object  in  view  was  to  have  every  type  of  clay 
represented  that  is  in  use  in  tliis  country  foi*  the  nmnufac- 
ture  of  roofing  tile. 

The  samples,  when  of  shale,  were  collected  at  the 
l^ank  or  immediately  after  it  had  passed  the  screen.  In  no 
<-ase  had  any  of  them  been  pugged.  The  soft  clays  were, 
for  the  most  part,  collected  at  the  end  of  the  pug  mill, 
owing  to  the  fact  that  most  of  the  manufacturers  using 
clay  find  it  advantageous  to  mix  a  small  proportion  of 
shale  with  the  clay;  and  tlius  a  correct  sample  of  tlie  mix- 
ture Avas  obtained. 

It  is  not  believed,  however,  that  the  physical  character 
of  these  clays  liad  been  materially  disturbed  by  their  pre- 
liminary passage  through  the  pug  mill. 

TYPES  OF  CLAYS  AND  LABORATORY  PREPARATION. 

Tlie  sanii)les  collected  and  tested  were  as  follows: 
One  Glacial  Clay. 
One  Semi-glacial   or  Alluvial   Clay. 
One  Alluvial  Clay.    . 
Ten  Shales. 
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When  the  samples  had  all  been  collected  at  the  lal)ora- 
tory  they  were  gToniid  in  a  small  dr}'  pan  until  sufficiently 
fine'  to  pass  a  20-mesh  screen,  this  size  representing  about 
the  average  in  practice.  After  screening,  each  sample  was 
wetted  down  with  water,  and  then  sufficiently  wedged  to 
form  a  wad  or  l)all.  These  wads  in  turn  were  '^Tapped  in 
wet  burlap  and  packed  away  in  plaster  damp  boxes  and 
left  to  sweat  and  soften  for  48  hours.  At  the  end  of  this 
ageing  period  each  sample  was  thoroughly  wedged  on  a 
clean  ])laster  block  preparatory  to  its  shaping  into  the 
various  trial  pieces. 

PRELIMINARY   T.F.STS. 

In  order  to  determine  the  physical  properties  of  the 
clays  in  question,  the  following  tests  were  made: 

1st.  Determination  of  true  specific  gravity  of  the 
raw  clays. 

2nd.     Amount  of  water  required  to  develop  plasticity. 

3rd.     Drying  shrinkage. 

4th.     Burning  shrinkage  at  various  cones. 

5th.     Apparent  specific  gravity  of  burned  trials. 

6th.     Porositv  of  burned  trials. 


Specific  Gravity  of  Rav7  Clay. 


TABLE  II. 


Clay 

Specific 
Gravity 

Clay 

Sotciic 
Gravity 

^>l                i        Specific                                    Specific 
'-'^^                 Gravity          '"'"'^                 Gravity 

A     1     2.752 

B    !     2.764 

C     I     2.666 

1 

D    1     2.752 

E    I     2.752 

F    1     2.714 

1 

G    2.692 

H    2.654 

I    1     2.610 

1 

J     2.459 

K    2.619 

M     1     2.662 

N    2.550 

These  determinations  were  made  by  the  pycnometer 
or  specific  gravity  bottle. 

'"A  pycnometer,"  as  described  by  Purdy,^*^  "is  a  small 
flask  of  known  capacity,  usually  2.5  to  100  cc.  When  filled 
up  to  a  given  mark  with  air-free  water  at  normal  room 
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temperature,  its  weight  is  noted.  Tlie  llask  is  then  partly 
emptied,  a  known  weight  of  clay  added,  and  the  whole 
carefully  boiled  to  exclude  all  entrapped  air,  then  cooled, 
tilled  up  to  the  mark  and  weighed.  By  the  formula,  weight 
of  dry  sample  (a)  plus  weight  of  bottle  filled  Ayitb  cold, 
air-free  water  (b)  minus  weight  of  bottle  filled  with  sam- 
ple and  water  (c),  or  a-|-b — c,  will  giye  the  weight  of 
water  haying  the  same  yolume  as  the  sample,  or  true  total 
volume  of  the  clay  particles.  Knowing  the  dry  weight  and 
true  yolume  of  the  grains,  their  composite  specific  grayity 
is  readily  calculated  by  the  formula  (dry  weight-:-y olume ) . 
A  careful  study  of  these  specific  gTa^•ities  fails  to  show 
any  relation  between  them  and  the  \yarpage  of  their  re- 
spectiye  clays.  They  are  added,  howeyer,  that  they  may 
prove  of  help  in  some  other  direction. 

Water  Required  for  Plasticity. 

The  same  trial  pieces  were  used  for  the  determination 
of  the  water  of  plasticity,  the  drying  shrinkage,  burning 
shrinkage,  apparent  specific  gravity  and  porosity.  These 
trials  were  made  by  expressing  a  l"x  1"  column  of  clay 
through  a  die  attached  to  a  small  hand  plunger  machine, 
the  column  being  cut  into  5^'  lengths  as  it  issued.  In  all, 
twenty  trial  pieces  of  each  clay  were  run,  thus  affording 
duplicates.  While  still  plastic,  each  trial  was  marked 
with  its  sample  number,  and  shrinkage  marks,  100  mm. 
apart. 

Just  prior  to  the  marking  with  the  shrinkage  marks, 
each  trial  was  carefully  weighed  on  a  chemical  toi'sion 
balance,  then,  after  being  allowed  to  dry  at  normal  room 
temperature  until  white  dry  they  were  placed  in  a  drying 
oven  and  brought  to  a  constant  weight.  Thus  with  the  wet 
and  dry  weight  of  the  various  samples  it  was  an  qhhy  mat- 
ter to  calculate  the  percentage  water  of  plasticity  by  sub- 
tracting the  dry  weight  from  the  wet  weight  and  dividing 
the  difference  by  the  wet  weight,  Axliich  gave  the  following 
results: 
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TABLE  III. 


Clay 

Per  cert.  Water 

Clay 

Per  cent.  Water 

A     .. 

B    .  . 

:::::::::::::::! 

20.62 
16.22 
24.28 
21.87 
21.62 
22.22 
15.16 

I      

22.62 
17.33 

C    .  . 

.1      

K    

M     

23.94 

D    .. 

E    .  . 



20.48 
17.14 

F    .  . 

N    

16.90 

G     .  . 

Determination  of  Drying  Shrinkage. 

AVlu'ii  tlio  1"  X  1"  X  5"  trials,  which  had  previously  hecu 
stamped  witli  shrinkaiie  marks  100  millimeters  apart,  had 
reached  a  constant  weij^ht  in  their  dryinc;,  the}'  were 
closely  measured  with  a  millimeter  scale,  and  the  resultant 
shrinkaiie  calcnlaled  in  percents  of  the  Avet  len2;th. 

TABLE   IV. 


Clay 

Drying  Sbrinkaee 

Clay 

Drying 

Shrinkage 

A 

1 

4.95 
2.94 
4.7.T 
3.70 
5.56 
4.85 
2.06 

H      

7.58 

B    .  . 

T 

3.90 

c 



.1      

6.25 

D     .  . 

K    

M     

5.50 

E     .  . 



3.50 

F    .  . 

N    

5.00 

G    .. 

Determination  of  Total  Shrinkage. 

The  trial  pieces,  which  had  been  used  in  the  determi- 
nation of  the  plasticity  water  and  dryinc;  shrinkaae,  weie 
next  set  in  the  muffle  of  a  jias  fired  kiln  in  a  manner  such 
that  two  trials  of  each  clay  conld  he  drawn  out  of  the  kiln 
at  the  followino-  cones,— 010,  08,  06,  04.  02,  1,  2,  3.  4,  5. 

The  leniith  of  time  used  in  this  burn  was  ai>proxi- 
mately  thirty  hours,  the  increase  in  temperature  beini?:  dis- 
tributed as  evenly  as  possil)le  over  the  time  duration. 
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08    ne    04   oz    i 

Con  e<s 


Z      3     4      5 
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Total  6hrLnKac[e  Cu Tvesr Stand Ffoofin^  Tile  Claj/6 . 


08    06     04     02      I 
C  one 


3     4      5 
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To  avoid  as  larj^elv  as  possible  any  differences  ii)  tlie 
lieat  ti-eatmeiit  of  tlie  ti-i;ils  and  tlieir  resj)ective  cones,  tlie 
settino'  was  so  arran<>ed  tliat  each  cojie  was  set  iniuK  dintely 
with  its  corresponding  trials.  As  the  coiies  n!elte<i  the 
trials  were  dra^An  from  the  kiln  and  ti-a.nsferred  at  once 
to  a  second  kiln  that  A\-as  being  held  at  ivd  lumt,  in  order 
to  obtain  more  nniforin  coolino-  coiulitions.  After  all  the 
trials  had  reached  their  respective  coiies  and  the  transfer 
had  been  made  they  ^vere  allowed  to  cool  and  then  r-emoved 
from  the  kiln.  Each  trial  was  next  nieasnred  with  the 
millimeter  scale  previonsly  used,  giving  the  following  per 
cent  total  shriid^age  based  on  the  wet  or  green  lenofh : 

TABLE  V. 
Total  Shrinkage,  Standard  Roofing  Tile  Clays. 


Clay 


A 

I; 

C 

1) 

p; 

F 

G 

H 

1 

J 

K 

M 

N 


Heat  Treatmem   Expressed  in  Cones 


010 


4.9 
3.0 
4.6 
3.1 

6.0 
4.6 
3.0 

7.2 

5.0 

7.25 

7.40 

3.0 

5.5 


6.0 

3.24 

6.3 

3.3 

4.6 

5.3 

4.0 

7.6 

5.0 

8.0 


8.80 

3.0 

5.5 


06        04 


9.9 

5.0 

10.5 

7.0 

6.2 

8.6 

6.25 

9.7 

5.0 

11.5 

12.70 

5.25 

6.0 


02 


10.9 
5.0 

11.9 
7.3 
5.6 
8.0 
7.25 
8.3 
4.5 

12.0 

13.82 
5.25 
6.5 


11.8 

5.75 
13.5 
11.2 
10.3 
11.8 
7.50 
il2.5 
5.5 
|l2.0 
I   8.23-' 
i  7.0 
i  9.0 


12.2 

11 

7.0 

7 

13.5 

13 

11.6 

13 

9.5 

13 

10.3 

11 

8.5 

8 

*  Bloated. 


.6    11.9 

11.0 

.0      8.0 

7.5 

.2    13.6 

13.3 

.0    13.2 

12.6 

.0   |10.0 

6.0 

.0  111. 9 

11.0 

.0  1   7.0 

5.5 

.00 

.0      7.5 

6.0 

.25112. 25 
...1 

7.75 

0  |10. 
5   !11. 


0  |10. 

0  no. 


0   ! 

0  i 


8.75 


t  Melted. 


In  plotting  the  above  cnrves,  effoi'ts  to  divide  nj)  the 
clays  into  gi'on])S  of  similar  behavior  wove  not  satisfactoi'v. 
Each  clay  has  therefore  been  plotted  singly,  thongh  ar- 
ranged in  the  order  of  decreasing  total  siirinkage  value. 
The  beginning  and  ending  of  each  curve  is  marked  with 
the  proper  ])ercentage,  from  which  the  imaginerv  base  line 
for  each  curve  can  easily  be  picked  out. 
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By  this  method  of  plotting-,  the  shape  or  contour  of  a 
number  of  curves  can  be  easily  and  rapidly  compared,  and 
the  commercial  value  of  each  can  be  ascertained  quickly. 

TABLE  VI. 
Burning  Shrinkage  of  Standard  Roofing  Tile  Clays. 


Heat  Treatment  Expressed  in  Cones 


Clays 


08 

06 

04 

02 

1 

2 

05 

1.65 

4.95 

5.95 

6.85 

7.25 

31 

2.06 

2.06 

2.06 

2.81 

4.06 

70 

2.10 

5.90 

7.30 

8.90 

8.90 

40* 

0.80* 

3.30 

3.60 

7.50 

7.90 

96* 

0.66* 

0.64 

0.04 

4.74 

3.94 

70 

0.70 

4.00 

3.40 

7.20 

5.70 

94 

4.44 

4.19 

5.19 

5.44 

6.44 

02 

0.02 

2.12 

1.72 

4.92 

3.72 

10 

1.10 

1.10 

0.60 

1.60 

2.85 

75 

5.25 

5.25 

5.75 

5.75 

5.75 

30 

5.90 

7.20 

8.32 

** 

00 

1.50 

1.75 

1.75 

3.50 

3.50 

50 

1.50 

1.00 

1.50 

4.00 

4.50 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

M 

N 


0.05*1. 
0.06  0. 
0.15*1, 
0.60*10, 
0.44  lO, 
0.25    0, 


0.94 

0.38* 

1.10 

1.00 

1.90 

0.50* 

0.50 


65 
06 
60 
30 

44 

4017 

94 

42 

10 

00 


95  6.05 
06|4.56 
00|8.70 
50|8.90 
4410.44 
30|6.40 
94|3.44 

60|2!io 
0011.50 


6.50|5.25 
5.001  t 


Increase   over  dry   size. 


Bloated. 


t  Melted. 


The  above  table  of  buruino-  shrinkage  was  obtained  by 
subtracting  the  drying  shrinkage  from  the  total  shrinkage. 

Determination  of  Apparent  Specific  Gravity  of  Burned 

Trials. 

After  obtaining  the  shrinkage  on  the  trials  burned  at 
the  various  heat  ranges  or  cones,  they  were  broken  so  as  to 
give  pieces  about  1%''  long.  These  pieces  were  placed  in  a 
drying  oven  for  several  hours,  then  removed  a  few  at  a 
time  and  weighed  on  a  chemical  balance,  accurate  to  the 
second  decimal. 

They  were  next  placed  in  pans  of  distilled  water  and 
allowed  to  soak  with  one  end  exposed  for  24  hours.  Vo\- 
lowing  this  treatment,  and,  while  still  in  water,  tliev  wci'e 
placed  under  the  bell  of  a  vacuum  pump,  where  the  air  was 
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kept  exhausted  until  the  trials  ceased  to  give  off  bubbles. 
Upon  removing  from  the  pump,  each  trial  in  turn  was 
suspended  from  one  pan  of  the  balance  used  in  making 
the  drv  weight,  the  wet  or  saturated  ^\'eight  was  now  taken, 
and,  with  the  trial  thus  suspended  a  vessel  of  distilled 
water  Avas  raised  up  underneatli  until  the  trial  was  com- 
pletely immersed;  a  weighing  was  again  made,  which  gave 
the  suspended  weight  in  water. 

To  obtain  the  specific  gravity  after  having  the  al)Ove 
weights,    it    was    only   necessary-    to    apply    the    formula 


D 


D— S 


sp.  gr. 


in  which  D  =  dry  weight.     S  =  suspended  weight. 


TABLE  VII. 
Specific  Gravity,  Standard  Roofing  Tile  Clays. 


Heat  Treatment  Expressed  in  Cones 

Sample 

010 

08 

06 

94 

02 

1 

2 

3 

4 

5 

A     

2.54 

2.52 

2.45 

2.52 

2.482.46 

2.42 

2.41 

2.25 

2.23 

E    

2.66 
2.63 
2.54 
2.63 

2.67 
2.66 

12.58 
12.75 

2.68 
2.64 
2.63 
2.73 

2.68 
2.56 
2.58 
2.76 

2.682.70 
2.5512.50 
2.6012.50 
2.62  2.51 

2.61 
2.49 
2.47 
2.60 

2.57 
2.45 
2.40 
2.39 

2.56 
2.30 
2.28 
2 .  05 

2  35 

C    

?,  26 

L)    

?  20 

E    

1.60 

F     

2.58 

12.56 

2.63|2.56 

2.562.71 

2.53 

2.34 

2.06 

2.04 

G     

2.68 

12.69 

2.68 

2.67 

2.57J2.62 

2.53 

2.54 

2.5112.35 

H     

2.60 

12.58 

2.55 

2.58 

2.5212.4212.50 

2.32 

1.93  1.73 

I     

2.67 

12.67 

2.64 

2.64 

2. 03 

2.5512.56 

2.45 

2.4411.93 

J     

2.56 

12.55 

2.50 

2.50 

2.49 

2.43 

2.39 

2.39 

2.39 

1.96 

K     .            

2.46 
2.56 

|2.46 
12.57 

2.44 
2.67 

2.44 

2   34 

1.88 
2.62 

2.00 
2.50 

* 
2.44 

M     

2.6612.62 

2.4i!2.2i 

N     

2.64 

2.70 

2.68 

2.67  2.66 

2.43 

2.44 

2.36 

2.4612.02 

*  Floats. 


For  convenience,  the  clays  are  drawn  on  the  ciir^e 
sheets  in  the  order  of  their  reduction  in  specific  gravity, 
from  the  maximum  to  the  minimum  of  each  clay.  Thus 
clay  A  changes  only  0.31  between  its  maximum  and  mini- 
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miiiu.  Clay  E,  on  the  other  hand,  changed  1.03  in  specifi'- 
gravity  in  the  same  heat  treatment,  showing  that  this  clay 
was  far  gone  in  viscous  bloating.  No  ett'ort  has  been  made 
to  group  these  clays  according  to  the  actual  numerical 
value  of  their  specific  gravity,  as  this  is  a.  function  of  their 
mineral  composition. 

A  study  of  these  curves  shows  a  very  considerable  var- 
iety in  their  details,  but  the  tendency  is  for  each  clay  to 
attain  a  maximum,  somewhere  prior  to  cone  02,  and  there- 
after fall  away  more  or  less  sharply,  as  the  sealed  pores 
begin  to  affect  the  volume. 

riays  A,  G,  B,  C,  O,  D  and  M  all  have  curves  in 
which  the  reduction  is  moderate  in  amount,  and  occurs 
late  enough  in  the  firing  to  shoA\'  that  these  clays  have  wide 
and  safe  vitrification  ranges. 

Clan's  F,  X,  H,  E  and  K  all  show  curves  in  which  the 
reduction  is  large  in  amount  and  rapid  in  rate,  and  indi- 
cate clays  of  unsafe  vitrification. 

No  standard  of  specific  gravity  for  roofing  tile  clays, 
either  in  numerical  amount  or  in  rate  of  change  can  be  set 
as  the  result  of  this  impiiry,  but  by  com])arison  of  otluT 
clays  with  these,  a  similarity  of  general  contour  with  the 
clays  here  known  to  be  of  good  working  quality  would 
tend  to  confirm  oth('r  sources  of  judgment. 

Porosity. 

The  porosity  was  determined  l)y  substituting  the  dry, 

wet  and  suspended  weights  of  the  trials  in  the  formula,  by 

l^urdy, 

/W— D  \ 
100      (tit^i^o"  )  =  Percent   Porosity. 

wliicii  gave  llie  f()]h)wing  table  and  curves: 
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TABLE  VIII. 
Porosity. 


Heat  Treatment  Kxpressed  in  Cones 


Sample 


010 


08  I     06  i     04        02 


A     29.53125.77  18. n|ll 

B     31.07  31.12  26. 80|25 

C     35. 94|35. 02  32.45117 

D    32. 85132.03  33. 39|24 

E     38. 42|39. 87  39.34141 

F    33.99  31.83  33.48123 

G     28.31  27.73  19.03  16 

H     30.96124.88  29.94124 

I     33. 04|33. 33  32.10132 

.1     i24. 55122. 98|11. 221   9 

K     |17. 53(14. 481  8.24|   5 

M     j29. 88)29. 42|28. 49128 

N    137. 12138. 25)37. 64137 


,52j  7, 
76  26, 
.00114, 


17132 
30!  9 
77|  1, 
73127 
2036 


48 
li 
30 

04 

10 

61 

69 

37 

10 

15    7. 

71j      . 

74|21. 

42118. 


95)  3. 
92jl9, 

4ll  5. 
62il0. 
50)26. 


08 

22 

05 

62 

41 

65 

43ll0 

25117 


00 

29 

22 

12 

46 

83 

10 

20)  1 

88117 

17 

80 

73 


51|  1.08| 
57J14.04I 


1.101 

.741 
2.721 

.ooi 

8.42 
2.56| 
15.32i 
7.88)  9.21 


1.23 
3.12 
.98 
.80 
1.33 
1.24 
7.82 
1.97 
.52 


.66    3.101      .51 
.6821.04!  1.01 


*  Bloated. 

An  effort  has  been  made  to  classify  the  chiys,  in  the 
study  of  their  porosity,  into  tliree  different  groups  as 
shown  by  the  curves.  Clays  J  and  K,  hoAvever,  do  not  fall 
within  the  three  general  groups,  and  for  convenience  only 
they  have  been  placed  on  the  curve  sheet,  Group  III. 

Group  1.  This  group  is  of  exceeding  narrow  vitrifica- 
tion range.  None  of  them  show  any  marked  change  in 
porosity  prior  to  cone  02,  but  immediately  following  that 
l^oint  the  porosity  drops  very  rapidly  until  cone  3  to  4  is 
reached,  where  the  vitrification  is  practically  complete. 

These  curves  signify  that  the  vitrification  process  or 
the  mutual  solution  of  the  minerals  of  the  clay  does  not 
begin  early,  but  that  it  ])roceeds  with  grt^at  vigoi-  when 
once  begun. 

It  should  be  noted  that  there  are  some  remarkable  or 
erratic  breaks  in  the  curves  of  clays  E  and  II  at  cone  2 
and  of  clay  N  at  cone  4.  Since  such  irregularities  are  in 
most  cases  due  to  some  discrepancy  in  the  work  or  burjiing, 
it  has  been  deemed  advisable  to  i)lot  tlxMii  on  the  cnrves 
but  to  attach  verv  little  if  anv  weigh!  to  tlieiii. 
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Forositj/  Curves-  Jtav  'd  noofiTi£r  Tile  Claj/j 
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Pof'osttj/ Curves- Jtandard ffoofin^ Tile  Claj/6. 
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Group  II.  The  curves  for  these  days,  A,  1),  F  and  C, 
show  that  they  differ  from  Group  I  in  two  respec-ts:  first, 
their  vitrificatiou  begins  very  early,  second,  their  rate  of 
vitrification  does  not  progress  as  rapidlv  as  that  of 
Group  I. 

Ghiy  F,  wliieh  contains  some  lime,  as  do  clays  E,  N 
and  IT  of  Group  I,  shows  the  same  erratic  break  in 'its 
curve  at  cone  2  as  clays  E  and  H. 

Group  III.  This  group  is  represented  bv  clavs  B  and 
G,  wJncli  sIl,,^^-  porosity  curves  that  indicate  a  slow  and 
A\]de  vitrification  range,— clay  G  more  so  than  B. 

As  stated  before,  clays  J  and  K  do  not  belong  to  this 
gToup  nor  to  either  of  the  otliers.  In  a  general  way  tliev 
conform  to  the  curves  shown  in  Group  TI,  in  the  respect 
that  their  vitrification  is  quite  rapid  from  the  start. 

WARPAGE. 

In  order  to  study  the  rehitive  A^'a]•l^age  behavior  of  the 
clays  under  test,  three  sets  of  trials'  ^evo  outlined.  Tt 
was  considered  best  to  make  tlie  three  sets  in  widely  var- 
iant shapes  that  would  require  different  setting,  in  order 
that  if  one  set  failed  to  develop  warpage  the  others  possi- 
bly Avould,  and,  in  any  event,  that  they  might  act  as  cliecks 
one  upon  the  other. 

Shape  and  Preparation  of  Ko.  1  Trials. 

At  the  outset  of  tliis  work  it  was  tiie  opinion  tliat  the 
liighly  warping  clays  could  be  detected  bv  burnino-  thin 
quarry  tile,  and  noting  their  behavior.  To  this  end,  in  the 
liglit  of  tlie  results  obtained,  the  work  was,  in  a  larie  mea- 
5!=ure,  a  failure. 

In  making  the  trials,  the  clays  which  had  ju-eviouslv 
been  i)ugged  and  tlic^n  kept  moist  in  a  damp  box,  were  re- 
moved from  the  box  and  thoronghlv  wedged  l)v  hand  A^'hen 
uniform,  i)ats  or  blaidvs  were  batted  out  until  ^hey  were 
%'^  thick,  and  of  .such  size  that  4''x4"  tile  could 'l)e  cut 
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therefrom.  The  blanks  were  then  dropped  into  a  ly^'x  414" 
die  on  a  hand  screw  press  and  firinly  repressed  until  each 
was  approximately  Vo''  thick.     Upon  removing-  from  the 

POROSITY   CURVES- STANDARD   ROOFING  TILE   CLAYS. 

TRANS.   AM.  CER.  SOC.  VOLXII.  /./ 0  F  C  £  5 


Poro6it^  Curves. 
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press  the  tile  were  placed  iipou  pert'ectly  straiglit  wood 
pallets  and  allowed  to  dry  at  i-oom  tempera tiii-e  until 
white  hard  before  ])la(in!i,  in  a  drvinji,  oven  for  the  final 
drying". 

Shape  and  Preparation  of  Trials  No.  2. 

It  is  a  well  known  fact  among  the  rooting  rile  manu- 
factnrers  that  Spanish  tile  are  very  prone  to  twist  or  warp 
in  their  bnrning.  That  is,  the  end  of  the  tile  set  n])per- 
most  in  the  kiln  draws  in,  while  the  end  resting  on  the 
sagger  or  kiln  block  becomes  distorted  or  enlai'ged.  With 
a  previous  knowledge  of  this,  a  set  of  trials  were  prepared 
that  would  approximate  in  shape  the  Spanish  tile;  they 
were  half  round  in  form,  three  inches  long,  three  inches 
wide  and  one-quarter  inch  thick.  These  trials  v.ere  made 
by  hand  pressing  the  clay  into  plaster  molds,  much  care 
being  taken  to  maintain  a  uniform  thickness  in  the  indivi- 
dual tile,  and,  from  tile  to  tile. 

To  properly  dry  these  shapes,  pallets  were  construct- 
ed with  strips  or  cleats  to  prevent  the  legs  or  sides  of  the 
trials  from  spreading  while  plastic. 

Each  tile  Avas  left  on  its  pallett  in  an  open  room  until 
white  dry,  whence  it  was  removed  to  a  drying  oven  for  the 
final  drj'ing. 

Shape  and  Preparation  of  Trials  No.  3. 

The  form  and  methods  employed  in  this  set  of  trials 
were  developed  by  ;Mr.  E.  Cramer,  of  Germany,^ ^  some 
years  ago  for  the  testing  of  clays  Avliile  under  lieat  treat- 
ment, but,  it  is  not  known  that  it  has  ever  been  used  for 
that  purpose  in  this  country  prior  to  the  present  work  for 
the  study  of  wari)age.  In  form  or  outline  the  trials  for  this 
test  were  thin  bars  of  clay,  approximately  12"  long,  IVV' 
wide  and  ^4"  thick. 

Knowing  that  it  is  impossible  to  produce  uniform 
trial  pieces  by  hand  methods,  it  was  deemed  advisable  to 

"  Kerl,  p.  847. 
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make  this  set  of  trials  by  machinery.  In  order  to  do  this, 
a  flat  shingle  tile  die  lT/32"x  (P/o"  ^vas  attached  to  a  small 
Mueller  anger  machine.  The  clay  haying  been  preyiously 
tempered  was  fed  into  the  machine,  and  issued  as  a  flat 
shingle  column.  This  column  was  cut  into  13'^  lengths, 
thus  giying  tile  or  blanks  61/0"  x  13"  x  17/32".  The  blanks 
were  placed  on  carefully  selected  straight  pallets,  and 
then  cut  lengthwise  into  strips  approximately  IVi"  wid{^ 
then  without  disturbing  they  were  allowed  to  dry  at 
a  slow  and  easy  rate.  ^Vlien  white  dry,  as  in  the  case  of 
trials  Xos.  1  and  2,  they  \yere  remoyed  to  a  dryer  and 
brought  to  bone  dryness  prior  to  setting. 

Burning  of  Trials 

Kiln  /'Jiii]>l()j/c<l.  The  kiln  used  in  making  the  burns 
for  this  work  was  a  small  down  draft  coke-fired  kiln,  not 
differing  widely  from  the  kiln  shown  in  Purdy's  paper^ 
"The  Pyrochemical  Changes  of  Clays,'  Vol.  IX,  A.  C.  S. 
Trans.,  except  that  the  kiln  was  some  larger,  holding  ai>- 
proximately  300  common  bi-ick. 

XiiHihcr  and  LciH/fJi  0/  Jhinis.  In  planning  the  burns 
for  the  work  it  was  deenu^I  best  to  keei)  within  the  commer- 
cial heat  ranges  of  the  clays  as  far  as  possible.  Hence  four 
burns  were  decided  upon- -at  cones  00,  07,  01  and  01 — it 
haying -been  shown  by  the  preliminary  tests  tliat  most  of 
the  clays  would  fall  within  these  limits. 

The  duration  of  each  burn  was  tliirty  hours  or  more, 
the  heat  being  raised  at  a  gradual  rate,  except  for  a  short 
oxidaticm  period.  At  the  completion  of  eacli  burn  the  tir(* 
was  raked  clean  and  the  kiln  allowed  to  cool  in  altout  J 2 
hours. 

In  each  burn  there  wer(^  placed  two  trial  pieces  of 
each  clay  fr(un  the  three  different  sets. 

]\[eiho(l  of  ^cttinf/.  It  was  in  the  method  of  setting 
that  the  three  sets  of  trials  differed  most  widely  in  tin,' 
eft'ort  to  induce  deformation  or  wari>age.  Ft  was  expected 
that  if  trials  No.  1  were  set  flat,  the  clays  most  likelv  to 
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war])  would  dish,  while  the  low  or  uoii-warpiiiL''  clays 
would  reniain  Mat  aiid  straight.  Fire  clay  blocks  or  tile 
Ayere  selected  for  their  straightness,  and  v/ere  so  placed 
in  the  kiln  that  the  entire  set  of  Xo.  1  trials  could  be 
spread  out  or  set  flat,  one  deep,  oyer  the  surface  of 
the  fire  clay  blocks.  The  entire  series  was  placed  in 
the  upper  part  of  the  kiln  chamber  where  the  flame  or 
heat  would  play  most  directly  upon  the  tile,  while 
trials  Xos.  2  and  3  were  place  1  lower  down  in  the  kiln, 
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Fig.  1. 

The-  naif  round  trial  to  the  left  shows  the  characteristic  warping  or 
diawing  in  of  the  ui)per  end  over  that  of  the  bottom.  Of  the  Number  I  or 
Hat  trials,  the  back  left-hand  one  shows  dishing,  while  the  front  left-hand 
one  is  straight.     The  two  right-hand  trials  show  a  bowing  up  in  the  center. 


being  partly  protected  by  the  bbx  k.<  ( arrying  the  flat  Xo.  1 
trials.  This  same  general  scheme  was  maintained  through- 
out the  four  separate  l)urns. 

The  method  em]doyed  for  the  st'tting  of  Xo.  2  trials 
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was  taken  from  the  scttiiiii  of  the  ('(tiniiicvcial  Spanish  tile. 
That  is,  th(\v  werc^  set  by  staiidiiiii'  tliciii  h|h(ii  (mkI  on  tire 
chiy  bh)cks,  each  small  tile  boini>'  so  s}»ace;l  from  its  noijiii- 
hor  that  each  couhl  he  free  to  war])  or  twist  nnrestrictedy 
care  heinii  taken  to  see  that  eaeh  tile  was  standing  as  near 
phiml)  as  ])ossil>le,  in  order  that  no  undue  strain  should  be 
brouiiht  in. 

With  trials  No.  3  the  settinj"-  was  widely  ditferent 
from  that  of  Ncs.  1  and  2.  By  referring-  to  the  cut  it  will 
be  s(Hni  that  the  Ion**'  slender  trials  were  made  to  s^an 
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Fig  2- 
The  four  trials  sliown  represent  the  four  heat  treatments  given  to  clay  A. 
Starting  at  the  back  the  first  bar  received  cone  09,  the  second  cofie  07,  the 
third  cone  04  and  the  one  in  the  foreground  cone  01.  These  trials  are 
uneven  in  length  due  to  the  breaking  off  of  small  pieces  for  the  porosity 
determination. 

across  tJK^  intervenin,ii  s])ace  between  the  two  knife  ed<»es. 
Tlie  tiials  were  approximately  12"  loiii;  when  i\vy,  hence 
the  sii]t])oi-tinjn  knife  ed^es  wei'e  ])laced  10"  ai)art,  thus 
allowing  a  1"  over  lianu  of  the  trial  on  (^ach  c^nd. 

It   is  (nident    that   the   trials  when   subjecteil    to  heat 
would   swau  oi-  bo\\'  down,  dependinii   of  coui'se  upon   tin* 
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viscosity  of  the  clav.  The  one  haviiiii  -i  low  viscosity  would 
warp  more  than  one  of  high  viscosity.  The  knife 
edges  liad  previously  been  prepared  from  fire  clay,  and 
then  biscuit  burned  once  in  order  that  they  would  not 
crack  or  break  while  in  use. 

As  stated  before,  there  were  two  trials  set  in  each  of 
the  four  respective  Inirns.  These  trials  were  set  somewhat 
widely  apart  in  order  to  act  as  cheeks  one  on  the  other.  In 
no  instance  was  there  found  to  be  anything  but  a  very 
small  difference  in  the  results  obtained. 

Measurement  of  Trials. 

The  three  sets  of  trials  after  being  collected  from  the 
four  burns  were  carefully  studied  to  note  the  degree  of 
warpage  that  had  taken  place.  In  each  instance  an  en- 
deavor has  been  made  to  express  measurements  in  some 
concrete  form. 

Measurement  of  Xo.  1  Trials.  It  was  assumed  that 
these  trials  went  into  the  kiln  perfectly  straight,  so  that 
any  distortion  noted  after  burning  has  been  charged  di- 
rectly to  the  burning. 

It  was  noted  at  once  that  some  of  the  trials  were 
straight,  some  dished  and  some  bowed,  instead  of  all  l)eing 
dished  as  had  been  expected.  Thus  in  order  to  measui-e 
these  varied  conditions  the  following  method  was  adopted. 
First  a  small  box  was  selected  which  was  wide  enough  to 
receive  the  tile,  two  shallow  notches  were  cut  in  the  upper 
face  of  the  ends  half  way  from  side  to  side.  A  silk  thread- 
was  then  drawn  tightly  around  the  box  from  end  to  end  at 
the  notches,  the  purpose  of  the  latter  being  to  hold  the 
thread  at  a  definite  place.  The  distance  from  the  under 
side  of  the  thread  to  the  inside  bottom  of  the  box  Avas  care- 
fully measured.  The  trials  were  next  taken  one  at  a  time 
and  placed  in  the  box  in  such  a  position  that  the  thread 
above  exactly  divided  them  half  and  half.  A  direct  mea- 
sure was  now  made  from  the  under  side  of  the  thread  to 
the  upper  face  of  tile  at  three  points,  on  the  two  edges 
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and  at  the  center,  thus  the  dished  and  bowed  tile  as  well 
as  the  straight  ones  were  easily  detected. 

The  fignres  nsed  in  the  following  table  were  obtained 
by  subtracting  the  measurements  taken  from  the  thread 
to  the  to]),  center  and  edges  of  the  tile  from  the  total  depth 
of  box,  measured  as  above.  The  differences  thus  found  were 
calculated  into  percents  of  the  total  depth,  then,  by  sub- 
tracting the  percent  obtained  for  the  center  of  the  tile  from 
that  of  the  edges,  we  develof)  a  figure  which  represents  the 
percent  of  bowing : 

TABLE  TX. 
Results  of  First  Warpage  Experiment  on  Standard  Roofing  Tile  Clays. 

i;  Dtsigniiion  of  Clay 


A            B 

c 

D 

E          F            G              HI 

J           K.           M               N 

1             1 

09.. |0. 0010. 00 

07..  O.OOjO.OO 
04..  |0. 00  1.04 
01..i0.00j2.08* 

1         1 

1.04* 
1.05 
4.69 
1.57 

0.00 
0.00 
0.52 
1.04 

0.001.040.00    2.6i:0.00| 
0.0013.13  1.56  i;1.0410.'.)0 
0.0010.00  0.00  |0.00;1.04 
0.002. 616. 25*11.042.09 

i            1 

1        !        i 

2.61|5.'i3   11.56  |1.04 
1.0410.00  jo.oo  jO.OO 
1.04'1.03*0.00  10.52"= 
7.29  8.33    1.56*|3.13* 

1        ! 

*  Trials   thus   marked   were   dished,    all   others   were   bowed. 

From  the  above  ta])le  it  will  be  seen  that  a  very  small 
percent  of  the  trials  dished,  as  had  been  expected,  the 
greater  jitortion  of  them  being  bowed.  That  ver^^  little  can 
be  learned  as  to  the  warpage  of  a  clay  by  this  test  is  clearly 
brought  out  in  clays  A  and  E.  l-'rom  the  data  obtained, 
tliey  would  be  classed  as  equal  and  perfect  clays  to  work, 
while  in  reality  clay  A  by  the  No.  3  or  Cramer  test  is 
proven  to  be  a  clay  of  low  viscosity  and  easily  warped.  It 
is  due  to  no  other  cause  or  reason  than  its  low  viscosity 
that  this  clay  has  remained  free  from  Avarjiage  in  this  test. 
It  has  remained  fiat  or  straight  on  account  of  its  softness. 

On  the  other  hand,  clay  E  has  remained  straight  on 
account  of  its  extremely  high  viscosity,  but  had  this  clay 
been  carried  a  few  cones  liigher  it  would  have  melted  down, 
that  is,  it  would  liave  de\'(do])('d  sm  li  a  low  viscosity  that 
it  would  have  run  or  spread. 
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Thus  we  see  that  by  test  Xo.  1  it  is  possible  to  have 
zero  warpage  from  two  sources,  high  and  low  yiscosity.  It 
is  therefore  evident  that  the  results  obtainable  by  such  a 
test  could  be  extremely  misleading. 

It  will  furthermore  be  noted  that  some  of  the  clays 
have  developed  extraordinary  results,  in  the  fact  that  they 
have  developed  both  dishing  and  Iwwing,  and  at  other  heats 
have  shown  no  warpage.  Clays  G  and  K  are  examples  of 
this.  Xo  good  reason  can  be  offered  to  explain  why  the 
same  clay  will  dish  at  one  heat  and  bow  at  another;  that  it 
may  pass  from  either  to  no  warpage  can  possibly  be  ex- 
plained by  physical  chemistry.  When  heat  is  applied  to  a 
mineral  mixture,  a  solution  of  the  ingredients  takes  place ; 
certain  ones  will  soften  earlier  than  others,  thus  tending 
to  lower  the  fusing  point  of  the  mass  as  a  whole.  A  point 
in  the  solution  will  eventually  be  reached,  known  as  the 
eutectic,  which  represents  the  most  fusible  mixture 
of  the  minerals  in  question.  Should  any  additions 
be  made  that  would  unbalance  this  eutectic  mixture,  then 
will  the  point  of  fusion  be  raised. 

Assuming  that  the  viscosity  of  the  solution  is  the 
lowest  at  the  eutectic  mixture  and,  increasing  on  either 
side  of  this  definite  point,  it  is  easy  to  see  why  clay  K,  for 
instance,  has  passed  from  high  warpage  at  cone  00  to  no 
warpage  at  cone  07;  that  is,  the  clay  or  mineral  mixture 
has  reached  its  greatest  fluidity  at  the  later  cone  nnd  has, 
therefore,  flattened  or  straightened  out.  While  on  either 
side  of  cone  07  the  mixture  has  been  of  just  the  right  vis- 
cosity to  be  drawn  or  warped  by  the  heat. 

Measiircmott  of  Xo.  2  Trials.  Prior  to  burning,  each 
trial  of  this  set  was  carefully  measured  at  each  end.  The 
end  to  be  placed  downward  in  the  setting  was  marked,  so 
that  there  might  l)e  no  mistakes  in  the  measurements  after 
burning. 

The  trials  when  collected  from  the  four  burns  were 
remeasured  at  each  end.  Then  by  subtracting  the  burned 
reading  from  the  unburned  measurement,  and  calculatina- 
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the  results  iiito  pereents  of  the  green  or  unbnrned  measure, 
a  figure  is  obtained  whicli  may  represent  both  shrinlaige 
and  warpage.  By  obtaining  tliis  figure  for  both  upper  and 
lower  ends,  it  is  only  necessary  to  subtract  one  from  the 
other  to  obtain  the  amount  of  warpage  of  one  end  over 
the  other. 

In  the  following  table  will  be  found  the  figures  for 
both  upper  and  loAver  ends  of  each  trial  at  the  four  burns, 
and  a  column  of  differences  ^^hich  should  represent  the 
percent  Avar  page. 

TABLE  X. 

Results  of  Second  Warpage  Experiment  on  the  Standard  Roofing- 
Tile  Clays. 


Cone  09 

Cone  07 

Designation  of  Clay 

S  ^  «; 

^1  = 

te 

i  ^  u 

V 

5 

A    

B     

1.59 

0.68* 

0.972 

0.481 

0.744 

1.25 

0.55 

0.291 

0.41* 

3.35 

3.38 

1.59 

0.139* 

0.110 

0.278 

0.604 

1.06 

0.41 

0.298 

0.55 

4.58 

2.54 

0.00 

0.541 

0.862 

0.203 

0.104 

0.19 

0.14 

0.007t 

0.96 

1.23f 

0.84 

2.63 

0.83 

3.01 

0.27* 

0.59 

1.09 

1.32 

2.36* 

0.70* 

1.54 

5.15 

0.82 

3.43 

1.82 

0.27* 

2.31 

0.69* 

0.89 

1.91 

1.87 

2.21 

0.27 

1.12 

1.77 

0.13 

3.83 

0.81 
1.10 

C     

D    

0.70 

0.42t 

0.30t 

0.82t 

E 

F     

G    

0.55t 

H     

4.57 

I     

0.97 

J     

0.42 

K     

M     

4.38 
0.69 

N     

5.20=*^ 

5.28* 

0.08t 

0.40t 

*  Expansion,   instead  of  contraction. 

f  Percent  that  bottoms  have   contracted   in   excels  of  the   tops. 
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TABLE  X— Continued. 


Cone  04 

Cone  01 

Designa'.ioii  of  Clay 

C  go 
g  =  " 

S  &  0 

c 
u 

5 

o  a   . 

(J    Q.  o 

R  *  u 

g  =  " 

c 

> 
< 

A     

8.13 
2.06 

16.32 
8.31 
0.86 
3.71 
6.07 
0.00 
1.25 

16.94 
1.30 
0.82 
1.16 

6.57 
1     1.51 
1  12.06 
i     2.84 
1     0.714 
1     1.65 
1     4.84 
i     0.16* 

1.67 
!  15.05 
j     2.32 
'     1.54 
:     0.57 
1 

1.56 

0.55 

4.26 

5.47 

0.146 

2.06 

1.20 

1.16 

0.42t 

0.89 

1.02t 

0.72t 

0.59 

9.41 
3.90 
9.27 
1.75 
4.83 
7.92 
4.41 
3.91 
2.13 
0.43 
13.46 
.    5.79 
0.54 

4.48 

3.01 

9.33 

1.62 

3.94 

6.52 

0.666 

3.24 

1.43 

5.78 

7.91 

0.41 

0.24 

4.93 

0.89 

0.06t 

0.13 

0.89 

1.40 

3.75 

0.67 

1.70 

5.35-;- 

5.55 
5.38 
0.30 

i   1.82 

B     

i  0.512 

c     

1  1.470 

D     

1  1.55 

r;    

1  0.038 

F     

1.117 

C     

1.41 

H     

1.60 

I     

1.01 

J     

1.97 

K     

2.94 

M     

2.26 

N     

!   0.34 

1 

*  Expansion,   instead  of  contraction. 

t  Percent   tliat   the   bottoms   have   contracted   in   excess   of   the    tops. 

While  these  trials  haxe,  in  a  i>eiieral  ^^ay.  marked  the 
high  warping-  clays,  sncli  as  A,  J,  K  and  ]\r,  at  eoiie  01,  the 
results  for  other  clays  at  this  cone  do  not  properly  class 
them  according  to  the  Xo.  3  or  Cramer  test.  Again  the 
results  from  cone  to  cone  for  many  of  the, clays  are  not 
consistent;  for  instance,  clay  C  at  cone  04  shows  a  v,ar])- 
age  of  4.26  percent,  while  at  cone  01  the  warpage  Avas  only 
.06  percent,  where  it  should  be  about  the  same  as  A.  Again, 
clay  H  shows  very  much  the  same  condition.  In  ex]>]ai]a- 
tion  of  these  irregularities  it  is  quite  possible  that  much  of 
the  trouble  has  come  from  personal  factor  in  the  malving 
of  these  trial  ])ieces  by  liand,  and  again,  they  sliould  ha'ce 
been  made  larger  and  A\itli  a  thicker  cross  section  than  i j", 
many  (►f  them  failing  h\  having  the  central  pr>rtion  of  the 
tile  bulge  out,  while  the  ends  retained  their  shajte. 

In  order  to  make  this  test  of  value,  the  trials  sliould 
be  larger  and,  above  all,  should  be  expressed  through  a 
die,  rather  than  attem])ting  to  mold  them  by  hand. 

In  a  comparison  of  rlie  tire  sliriidcage  aiid  vxai'Dage,  it 
is  verv  clear  from  the  behavior  of  clavs  K  and  C  in  this 
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method  of  testing,  tliat  there  is  no  relation  between  tlie 
numerical  values  of  the  properties  in  ditferent  clays.  Clay 
K  has  a  lire  shrinkage  at  cone  01  of  about  9  percent  and 
has  shown  a  warpage  of  2.94  percent.  Clay  C  at  cone  01 
shrinks  in  the  neighborhod  of  8  percent,  and  only  shoAvs  a 
warpage  of  1.47  percent,  or  just  one-half  that  of  K. 

Clays  C,  D,  G,  H  and  I  show  similar  warpage  in  the 
above  test,  and  these  same  clays  have  fallen  quite  closely 
together  in  the  other  two  tests  for  warjjage  as  well.  Clays 
M  and  B  give  erratic  results  in  this  test.  It  is  believed,  in 
the  light  of  the  third  warpage  test,  tliat  the  figures  for 
these  clays  are  not  representative,  and  that  B  and  M  should 
be  classed  with  clays  like  C  and  D,  while  B,  as  here  shoA\n, 
belongs  with  clays  E  and  X,  and  ]\[  with  K.  Clays  E  and 
N  show  a  ver^^  low  degree  of  warpage,  but  their  high  lim(3 
content,  their  slow  vitrification,  tliat  is,  high  porosity  until 
nearly  ready  to  fuse,  and  the  suddenness  of  their  fusion 
\Ahen  it  once  begins,  all  show  that  their  behavior  would 
not  be  like  the  easy  vitrifying  clays  composing  the  rest  of 
the  series. 

McdstirciiK'iii  of  Xo.  3  TiiaJs.  In  these  trials,  as  with 
No.  1,  it  Avas  assumed  that  they  Avent  into  the  kiln  Avitli  no 
Avarpage,  so  that  their  measurement  has  only  been  made 
upon  the  burned  pieces. 

In  order  to  make  the  measurenu'uts  a  thin  rubber 
band  Avas  stretched  from  end  to  end  of  the  trial  across  the 
intervening  space,  as  indicated  bv  the  dotted  lines  in 
Fig.  3.        ' 

A  direct  measure  Avas  then  made  from  the  under  side 
of  the  rubber  band  to  the  upper  face  of  trial.  This  figure 
should  represent  the  real  warpage  of  the  clay  at  any  beat 
treatment. 
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The  following  table  lists  the  diti'erent  deformations  at 
the  four  heat  treatments  given  to  the  trials.  The  figures 
liiven  are  the  average  of  two  trials  in  each  case. 


TABLE  XL 
Deformation  under  Heat. 


Clay 


Cone  07 


A 

B 
C 
D 

i; 

F 

c; 
II 
I 
J 

K 

]\j 

N 


11.80 
12.. 55 
10.92 
10.87 

1.80 
11.22 
11.12 

3.02 
12.00 
20.10 
37.95 
10.15 

1.62 


38.02 
29.50 
36.35 
21.82 

2.47 
24.95 
32.15 

8.27 
15.02 
35 .  50 
38.30 
19.25 

4.55 


47.15 
42.00 
47.15 
41.30 

8.60 
41.55 
41.55 
24.80 
25.30 
61.15 
62.00 
40.50 

5.75 


That  the  shrinkage  of  a  clay  is  a  poor  criterion  to 
judge  warpage  by  is  clearly  shown  by  a  comparison  of 
these  two  properties  in  a  number  of  the  clays  tested.  By 
examining  table  IV  it  is  found  that  the  drying  shrinkage 
of  clay  H  is  the  highest,  7.5  percent,  ^^hile  clay  G  has  the 
lowest,  2.06  percent.  Their  warpage  behavior,  from  table 
XI,  shows  that  clay  G  at  cone  04  has  a  warpage 
nearly  four  times  greater  than  does  clay  tT.  With  the 
slirinkage  data  only  to  judge  by  the  usnal  or  general  cUissi- 
llcation  would  have  been  to  place  clay  H  in  the  higjily 
warping  class  and  clay  G  in  the  opposite.  This  same  thing 
is  true  of  other  clays,  for  instance,  chiys  A  and  E.  From 
such  conditions  there  can  be  no  question  but  that  warp- 
age is  an  inherent  property  of  any  given  clay,  and  does  not 
admir  of  judging  tlic  behavior  of  on(^  clay  by  that  of  an- 
other. 

Fire  shrinkage  does,  lu)\v(  vci-,  in  -i  g(>neral  way,  follow 
clo.^ely  with  wari)age.  thoniih  tliis  is  not  true  in  all  ^-ases. 
By  table  Xf,  which  iiivt^s  the  fire  shriidvage  as  well  as  the 
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Avari>age,  it  is  apparent  that  clays  A,  C,  J  aud  K  have  a 
relativelT  high  fire  shrinkage,  and  at  the  same  time  develop 
a  high  warpage.  On  the  other  hand,  clay  H  has  a  high 
lire  shrinkage  when  compared  Avith  clay  I,  The  latter  clay 
at  cone  04,  hoAvever,  develops  a  Avarpage  abont  tAvice  as 
great  as  does  clay  H.  The  same  thing  can  be  seen  in  clays 
M  and  N. 

As  stated  before,  in  mention  of  the  A\ork  done  bA'  Day 
and  Allen,  complete  vitrification  is  not  alAA'ays  folloAA'ed  by 
deformation.  That  tliis  statement  is  true  or,  in  other 
words,  that  Ioav  porosity  is  not  always  followed  by  high 
A^arpage,  is  clearly  derived  from  table  XI.  Clays  D  and 
M  at  cone  01  have  a  porosity  of  23.01  and  22.20  percent  re- 
spectively. Their  Avarpage  is  as  great  as  other  clays  v\liich 
show  a  porosity  of  only  10  to  12  percent.  Again,  two  clays 
may  liaA'e  A\idely  different  percents  of  porosity  and  still 
haA'e  approximately  the  same  degTee  of  AAarpage.  This  is 
clearly  shoAvn  in  clays  D  and  G,  also  in  clays  B  and  ^[. 

In  most  cases  Ioav  porosity  is  a  mark  of  liigh  Avarpage, 
Avhich  is  the  natural  thing  to  expect. 

In  order  to  more  easily  study  the  aboA'e  relation,  table 
XII  has  been  prepared  Avhich  shoAvs  the  percents  fire 
shrinkage,  porosity  and  Avarpage  at  the  four  heat  treat- 
ments : 
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TABLE  XII. 

Results  of  the  Third  Warping  Test  on  the  Standard  Rooting  Tile  Clays, 

with  Results  of  Fire  Shrinkage  and  Porosity  Tests  Added 

for  Comparison. 


Designation    of    Clay 


A  I  0.55=!= 

E  I  0 .  12 

C  i  0 .  45 

D  ]  0.05* 

F:  I  0.20=^ 

F  i  0.55=* 

G  i  1 .  00 

H  I  0.20* 

I  0.50 

J  1.50 

K  I  3 .  24 

JT  I  0.25=* 

N  !  0 .  00 

A  

B  

C  

1)  

E  

F  

G  

H  

J  

J  

!<;  

M  

N  


26.49 
26.24 
32.72 
31.79 
39.54 
31.05 
25.28 
31.03 
30.07 
16.81 
16.27 
30.96 
36.32 


0.55 
0.87 
1.25 
0.10 
0.30=! 
6.05 
2.87 
0.10 
0.50 
3.00 
•5.19 
0.55 
0.00 


21.71 
19.26 
28.44 
32.20 
29.01 
30.11 
28.83 
30.35 
29.90 
10.56 
10.19 
28.03 
36.13 


11.80 
32.55 
10.92 
10.87 

1.80 
11.22 
11.12 

3.02 
12.00 
20.10 
37.95 
10.15 

1.62 


[  5.15 

7.57 

38.02 

6.10 

5.75 

2.00 

11.81 

29.50 

2.25 

11.74 

6.00 

11.86 

36.75 

7.20 

8.81 

3.50 

28.74 

21.82 

5.62 

23.01 

0.20 

38.34 

2.47 

2.20 

34.88 

3.35 
1  4.50 

22.42 
12 .  75 

24.95 
32.15 

4.52 
5.25 

18.91 
10.70 

1.70 

29.20 

8.27 

2.90 

26.02 

0.50 

31.29 

15.02 

0.62 

25.13 

5.50 

2.99 

35.50 

5.75 

2.82 

7.79 

6.65 

37.30 

5.89 

2.78 

1.55 

25.73 

29.25 

2.42 

22.26  I 

0.50 

37.91 

4.55 

1.50 

7.57  ! 

i 

47.15 
42.00 
47.15 
41.30 

8.60 
41.55 
41.55 
24.80 
25.40 
61.15 
62.00 
40.50 

5.75 


*  Increase   above   original   dry  leng-lh. 

The  data  in  table  XII  lias  been  ]tlotte(l  in  the  folloAv- 
inf>-  eurve  sheets.  For  eonvenienee  in  observing  the  fact, 
the  warpage  and  fire  shrinkage  are  made  to  read  down  the 
page,  while  the  porosity  reads  up.  By  this  expedient,  all 
the  cnrACs  are  made  to  traverse  the  paper  in  the  same  di- 
rection. Also,  the  scale  selected  for  each  kind  of  data  is 
different,  and  is  chosen  to  make  tlie  cnrves  change  eleva- 
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tion  at  about  tlie  same  rate  iu  the  average  case.  If  one 
property  changes  faster  than  another  the  curves  imme- 
diately lose  parallel. 

A  careful  studv  of  tliese  curves  reveals  the  close  rela- 
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tion  which  exists  between  the  changes  of  volume  and  the 
changes  of  form.  This  is  as  has  been  assumed  and  ex- 
pected, but  up  till  the  present  no  proof  had  been  submitted, 
so  far  as  known. 
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There  are,  however,  some  puzzling'  inconsistencies  in 
the  data.  These  inconsistencies  may  come  from  the  fact 
that  we  are  dealing  with  a  very  small  nnmlier  of  trial 
pieces. 
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The  three  kinds  of  curves  in  clays  A,  C,  E,  G  and  H 
show  a  marked  concurrence  in  direction  and  rate  of  change. 
Clays  A,  C  and  G  are  clays  which  shrink  rather  highly, 
decrease  in  porosity  rather  sharply,  and  warp  rather  even- 
ly, hut  in  considerable  amount.  (Mays  E  nnd  N  are  cal- 
careous, and  do  not  reach  their  active  vitrification  process 
in  the  temperature  zone  studied,  and  tlicrefore,  show  but 
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very  little  shrinkage  and  wai-page,  nor  does  tlieii-  porosity 
decrease.     Tims  tliey  enter  Itnt  very  little  in  this  discus- 


sion. 
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In  the  clays  D,  F,  H,  J,  K  and  Vl  there  is  again  a 
marked  concurrence  between  the  rates  of  fire  shrinkage, 
porosity  extinction,  and  warpage,  especialy  at  cones  09, 
07  and.  04,  but  between  cones  04  and  01  the  warpage 
changes  faster  than  the  other  properties  do.  This  should 
be  expected,  if  we  consider  warpage  as  being  the  result  of 
incipient  fusion  of  the  clay — the  development  of  a  viscous 
tatfv-likc  material  in  the  clav  bodv.    As  the  heat  increases 


868 


THE   WARPAGE   OP   ROOFING   TILE   CLAYS. 


the  amount  and  fluidity  of  the  visc-oui^  material  raises  as  a 
rule.  This  condition  has  probably  existed  in  the  above 
clays. 
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In  two  clays  of  the  thirteen  examined,  yiz.,  K  and  I, 
we  find  the  situation  less  easily  read.  B  is  remarkable  for 
its  low  shrinkage,  ^^•hile  its  porosity  curye  and  warpage 
behavior  are  concordant  with  the  lariier  number  of  sam- 
ples tested. 

In  clay  T  the  curves  indicate  that  the  vitrification  pro- 
cess was  quiescent  up  to  cone  04,  neithei-  fire  shrinkage 
nor  reduction  of  the  ])orosity  occurring.    At  the  same  time 
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low  Avarpage  took  place.  At  coue  04,  porosity  suddenly 
decreased,  concurrent  with  warj^age,  but  the  shrinkage  was 
still  unaffected. 


50 

TRANS.  AM.  CE 

R.  50 

C.  VOL 

.XII. 

A 

-"g:^^ 

1  \ 

s.    s 

N__ 

rv 

V 

b 

A 

N 

\ 

9 

40 

\ 

1  ^ 

\ 

\ 

Id 

\ 

i-\- 

1 

> 

L^ 

30 

i 

Ll 

^^<^ 

Jl) 

^ 

\ 

ib 

C45 

51 

5» 

c? 

^ 

^0 

^  oo 

^  bi 

Claj/  H 

' — bo 

foy 

0 

—  75 

WORCESTER 


_^-^- 

-o- 

F-"^tl 

< 

^ 

V.0 

\ 

'  1 

'V 

?  9 

1 

^-«. 

:=<1- 

-4-.0 
-4.8 

^ 

\ 

(i.  a 

1       '^'^ 

^^^ 
* 

-A, 

1 

L.L 

s. 

O-O 

\, 

Q  ,f 

1 

-(0.4 
1  r  ■? 

\1>  r\ 

-  16.0 

r/nt )/  ? 

^ 

1 



-^0- 

09      07     05      Oi      01  09      07      05      03      01 

Conej 


GENERAL  DEDUCTIONS. 


1st.  Change  of  .shape  in  the  burning  of  a  clay  ware 
is  a  function  of  the  vitrification  process,  and  results  from 
the  formation  of  a  viscous  silicate  matrix,  while  the  prin- 
cipal part  or  skeleton  of  the  clay  is  still  solid. 

2nd.  The  changes  of  shape  which  occur  early  in  the 
burn,  while  tlie  clay  ware  still  retains  its  general  shape 
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and  nsefnlness,  and  those  late  changes  from  over-lire  which 
destroj^  the  shape  for  connnercial  nses,  are  stages  of  one 
and  the  same  process. 
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3rd.  Tlie  rate  of  change  of  shape  in  normal  clays  is 
closely  parallel  to  the  rate  of  the  other  vitrihcation  changes 
(shrinkage,  porosity,  etc.),  for  a  time,  bnt  as  the  rate  of 
slirinkage  and  porosity  changes  decreases  on  approaching 
com])]etion,  the  rate  of  change  of  shape  increases. 

4th.  The  tendency  to  warpage  and  the  absolute 
amonnt  or  nnmerical  yalne  of  the  warpage  of  a  clay  at  any 
given  temperatnre  is  an  inherent  pro])erty  of  the  material. 
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and  does  not  admit  of  prophecy,  i.  e.,  knowledge  of  the 
behavior  of  one  chiv  does  not  jnstify  us  in  assuming  what 
the  next  chiy  will  do.  Warpage  stands  on  the  same  plane 
in  this  respect  as  the  other  properties  of  a  clay.     Nor  can 
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v.arpage  be  correlated  at  all  closely  in  numerical  amounts 
v\ith  the  shrinkage,  porosity,  or  other  properties  of  the 
clay.  For  instance,  two  clays  of  equal  warpage  may  not 
agree  closely  in  shrinkage  or  porosity.  lakewise,  clays 
having  the  same  shrinkage  oi'  porosity,  may  or  may  not 
have  similar  warpage.  Also,  while  liigh  shrinkage  and  low 
porosity  incline  us  to  expect  high  warpage,  it  does  not 
ahvavs  folloAv.     The  i-elation  is  oiilv  a  ueneral  one. 
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5tb.  Ill  estiuiatinii  the  value  of  cla^-.s  for  roofing  tile 
purposes,  or  auv  use  where  thin-section  wares  are  made,- 
the  determination  of  the  warpage  tendency  is  a  practical 
test,  second  in  importance  only  to  color  and  vitrification 
range. 

In  conclusion  I  wisli  to  state  that  I  am  greatly  in- 
debted to  Prof.  Edward  <  )rton,  Jr.,  for  his  valuable  assist- 
ance in  this  study,  the  presentation  of  the  data  obtained, 
and  the  conclusions  drawn  therefrom. 

I  furthermore  wish  to  express  my  thanks  to  Dr.  J.  A. 
Bownocker,  State  Geologist  of  Ohio,  for  his  permission  to 
present  this  paper  in  advance  of  its  publication  as  a  part 
of  a  bulletin  on  the  roofing  tile  industry,  in  course  of  prep- 
aration for  the  Ohio  Geological  Survey. 

DISCUSSION. 

Mr.  CJiild:  I  Avould  like  to  ask  Mv.  Worcester  if  he 
did  not  find  that  the  defiection  was  always  at  the  top  of 
the  kiln  instead  of  at  the  bottom? 

Mr.  Worcester:  I  might  have  explained  that  a  little 
more  fully.  It  is  not  customary  to  set  one  tile  upon  the 
other.  We  set  up  boxes  or  pigeon-holes  of  fireclay  l)locks 
and  our  tiles  are  set  in  those  lioxes  so  that  each  one  stands 
separate  from  the  other.  There  are  quite  a  number  of  the 
plants,  at  least  three  of  them,  that  are  setting  their  tile 
one  upon  the  other,  but  they  dare  not  approach  vitrifi- 
cation. 

Mr.  Child:  In  that  case  where  they  set  one  over  the 
other,  would  not  that  do  away  with  the  point  which  you 
just  brought  out  a  few  minutes  ago? 

ilfr.  Worcester:  Well,  that  might  possibly  be  so,  but 
the  time  that  it  would  take  to  get  our  tile  so  perfectly 
placed  one  over  the  other  would  make  it  impracticable. 

Mr.  Lorejoi/:  In  setting  the  tile  is  it  not  customary 
to  put  strips  of  clay  under  the  tile  and  on  to])  of  them'^ 

J/r.  Worcester:     It  has  been  found  that  Spanish  tile 
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can  be  prevented  from  warping  to  a  large  extent  by  a  trick 
of  the  trade,  so  to  speak,  ^^^llen  the  tile  are  set  in  the  kiln 
boxes  or  saggers  they  are  stood  upon  a  green  or  plastic 
blank  i/o"  thick  of  the  same  material  as  the  tile.  In  fact, 
the  tile  are  pressed  down  into  the  plastic  blank,  in  order 
that  the  tile  may  be  braced  or  held  to  their  correct  shape. 

AVhen  the  sagger  has  been  filled  with  the  tile,  three  V 
strips  are  cut  from  a  green  blank.  These  narrow  strips  are 
then  distributed  over  the  top  end  of  the  tile  and  lightly 
spatted  down  with  a  trowel.  Thus  the  upper  ends  of  the 
tile  are  braced  or  retained  in  the  same  manner  as  the  lower. 
The  shrinkage  of  the  green  blank  seems  to  be  just  sufficient 
to  hold  the  tile  true  to  shape. 

Mr.  OorsJine  :  I  was  just  about  to  say,  Mr.  Worcester, 
that  you  miglit  well  do  as  we  do  in  setting  sewer  pipe,  pro- 
vide a  ring,  etc.,  set  the  tile  on  and  throw  away  the  ring 
each  time  after  burning. 

Mr.  Worcester:  Spanish  tile  are  more  difficult  to 
burn  than  pipe  for  the  reason  that  their  shape  is  such  that 
there  is  practically  no  support  at  all.  They  are  nothing 
but  a  thin  webbing  of  clay,  while  the  conduit  is  circular 
and  self  supporting.  The  strips  are  the  best  means  found 
so  far. 

Mr.  GorsUne:  In  such  cases  you  could  ran  them  out 
double  from  the  die  and  break  them  apart  after  burning. 
This  permits  the  tile  to  retain  its  form.  Such  tile  can  be 
set  in  kiln  with  less  care  and  loss  and  will  not  be  as  liable 
to  warp. 

Mr.  Worcester:  In  a  few  instances  the  tile  are  run 
out  double,  like  a  pipe,  then  after  burning  they  are  broken 
apart.  This  method  does  prevent  quite  a  good  deal  of  the 
warpage,  but  there  are  other  serious  drawbacks  to  it. 

Mr.  Hamilton  :  In  overcoming  that  trouble  with  fire 
clay  I  might  add  that  we  use  the  ordinary  silica  sand  ex- 
clusively. They  are  set  doAvu  on  end  and  the  bottom  does 
not  crack.     We  used  the  silica  snnd  and  that  seemed  to 
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ovei'coiiK!  lluit  ti'ouble  and  allowed  the  l)olto!ii  to  get  its 
proper  shrinkage  along  with  the  top. 

3Ir.  Worcester:  AYell,  that  wonld  do  too,  in  some 
clays,  bnt  in  other  clays  where  there  i«  low  viscosity,  as  we 
call  it,  that  is  the  weight  of  the  tile  standing  on  end,  wotild 
not  hold  as  it  would  where  they  are  bedded  in  the  green 
strips,  A  clay  of  low  viscosity  would  have  a  tendeuc}' 
either  to  spread  or  ptill  in. 

Mr.  Lorejoij:  My  objection  to  the  use  of  sand  is  that 
it  has  an  effect  on  the  color,  which  will  be  different  on  that 
liart  of  the  tile  l)tiried  in  the  sand. 

Mr.  Eeis:  Mr.  Worcester  are  yoti  at  liberty  to  state 
whether  any  of  these  clays  were  calcareous? 

Mr.  Worcester :     Clays  E  and  N  are  both  calcareotis. 

Mr.  Rcis :  Have  you  tried  any  magnesia  clays  in 
Wisconsin? 

Mr.  Wo7'cester:  No.  We  might  fiiul  some  xL^vy  in- 
teresting facts  if  we  did. 

Mr.  Yates:  The  underlying  secret,  as  1  ttnderstand 
it  through  experience  in  making  very  thin  tile  is  to  take 
short  clays  with  little  shrinkage,  say  one-half  in<-h  to  the 
foot  or  less,  grind  it  fine  and  weather  it  for  l)ond.  Tlie 
clay  shotild  stand  a  high  temperature,  sufficient  to  vitrify 
and  at  the  same  time  hold  its  shape. 

Mr.  Worcef<t(']-:  Tlie  high  shrinkage  clays  do  not  al- 
ways show  a  high  deforination  in  the  burning.  Some  of 
them  shrink  twice  as  much  as  others  and  yei:  have  a  lower 
deformation.  The  burning  shrinkage  does  show  some  rela- 
tion to  deformation. 

I  really  do  not  think  that  the  developing  of  |)lasticity 
or  the  weathering  of  the  clay  has  much  to  do  Avith  tlie  de- 
formation of  it.  It  is  purely  a  mineralogical  condition. 
We  could  ^('t  greater  wai-page  in  the  drying  by  developing 
a  greater  plasticity  in  a  given  clay. 

Mr.  Yales:  I  can  take  you  to  a  kiln  of  these  roofing 
tiles  that  is  made  of  old  weathered  stock  at  Peak^s  Tileries, 
Tunstall,  Staffordshire,  England,  and  you   will    find  that 
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tlie  finish  of  the  ware  from  this  c  lay  is  as  smooth  as  a  kid 
glove,  while  the  same  tile  made  from  raw  stock,  that  is 
unweathered  clays,  will  have  a  finish  as  rough  as  sand 
paper,  with  considerable  loss  in  burning,  and  the  tiles  will 
be  of  inferior  quality  as  compared  with  clays  that  ha^e 
been  weathered  for  years. 

.]fr.  Parlcr :  Do  you  mean  by  deformation  the  warp- 
age  or  shrinkage  due  from  excessive  heat? 

Mr.  ^yorcester•.  I  wish  to  call  your  attention  to  these 
two  samples  upon  which  I  rely  for  my  statement,  one  is 
vitrified  and  the  other  porous,  both  are  warped  badly.  As 
stated  before,  warpage  is  due  to  the  viscosity  of  a  clay 
while  under  heat  treatment. 

In  answer  to  ^Ir.  Yates,  there  is  only  one  roofing 
tile  plant  in  the  United  States  weathering  tlieir  clays, 
that  is,  getting  them  out  one  year  and  using  them  the 
next.  Their  explanation  for  doing  this  is  that  if  you  use 
them  direct  from  the  bank  you  get  a  greater  percentage  of 
cracked  tile.  By  weathering  the  clay  they  get  greater 
strength  and  less  kiln  checked  tile  in  the  burning  of  them. 

Mr.  Kiiotc :  To  explain  the  behavior  of  qIhv  F,  I  would 
like  to  say  that  in  some  work  we  have  done  we  find  that 
just  beloAv  cone  010  a  great  deal  of  chemical  and  physical 
activity  takes  place.  Tliere  is  a  constant  specific  gravity 
change  there  which  gives  the  clay  more  or  less  of  a  sudden 
strain,  different  with  different  clays.  In  pure  clay  we  find 
it  to  be  (piite  constant.  I  am  not  at  all  surprised,  after 
what  I  have  found,  to  see  the  chart  which  Mr.  Worcester 
has  given  us  there.  That  is,  that  the  war])age  does  take 
place  at  about  that  temperature  where  we  had  supposed 
there  was  not  much  ehemical  activity. 

Mr.  iStolp :  I  have  follo\\-ed  the  interesting  paper  of 
Mr.  Worcester  very  carefully  and  he  comes  to  the  same 
conclusion  that  is  shown  in  practice,  that  different  clays 
will  twist  or  warp  to  a  different  degree  in  the  same  heat. 

In  judging  this  difficulty,  in  the  manufacturing  of 
roofini*-  tile,  von  must  take  into  consideration  that  there 
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are  two  distiiict  types  of  roofing  tiles,  the  vitrified  and  the 
non-Titrified.  The  first  named  is  a  special  American  type. 
The  second  is  made  and  used  all  over  Europe.  There  is  a 
distinct  difference  in  the  manufacture  of  each  kind. 

The  shrinkage  of  clay  is  necessary  in  most  clay  pro- 
ducts, but  esj^ecially  in  roofing  tile,  because  it  must  have  a 
close,  compact  body  to  shed  water.  The  shrinkage  of  the 
non-vitrified  tile  is  in  drying  and  of  the  vitrified  tile  in 
burning.  To  prevent  warping  and  cracking  of  the  tile  in 
drying  you  must  dry  slow,  if  it  proves  that  quick  drying  is 
harmful.  To  prevent  warping  in  vitrification  you  have  to 
depend  on  all  kinds  of  tricks  in  the  trade,  and  those  tricks 
are  of  the  kind  that  sometimes  help  and  are  sometimes 
useless. 

The  effect  of  the  use  of  the  auger  machine  is  to  create 
laminations  or  cavities  where  water  collects,  and  the  freez- 
ing of  the  water  results  in  disintegration  of  the  tile.  The 
non-vitrified  tile  is  made  of  a  plastic  clay  or  shale,  pre- 
ferably weathered  and  by  the  soft  mud  process,  so  as  to 
counteract  as  much  as  possible  the  laminations  of  the  auger 
machine.  The  tile  are  afterward  luiriied  as  hard  as  the 
clay  will  stand  without  warping. 
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Air  Bubbles — -In  clay,  to  eliminate,  379. 

Aired  Ware — In  white  ware,  299. 

Allen,  S.  W. — and  H.  Ries — Relation  between  tensile  and  transverse 
strength  of  clays,  141. 

Alumina — In  artificial  silicates,  701;  in  enamel  determination,  147; 
influence  of  in  glass,  330;  in  glass,  329,  331,  821;  influence  upon 
cobalt  blue  glazes,  683;  influence  upon  color,  707;  influence  upon 
glazes,  679;  influence  upon  green  and  red,  686;  influence  upon 
turquoise  blue  glazes,  685;  influence  upon  warpage,  821,  822;  re- 
placement by  B,,0,,  680. 

Analyses — Of  flre  bricks,  348. 

Analysis — Mechanical,  of  clays,  505. 

Anemometer  Tests — In  brick  drier,  410,  415,  419. 

Antimony — In  glass,  193,  194;   determination  of  in  enamel,  150. 

Antimony  Oxides — Analysis  of,  171. 

Arsenic — In  glass,  193,  194. 

Arts  and  Crafts  Movement — 217. 

Ashley,  H.  E. — A  method  of  testing  sagger  mixes,  277;  discussion  of 
colloids,  816-817;  the  requirements  of  pottery  materials,  433  et 
seq. ;  the  technical  control  of  the  colloid  matter  in  clay,  768-817. 

Asphalt  Pitch — As  a  binder  for  briquetting  fuels,  75. 

Atkinson — Formula  for  pressure  of  air  in  ducts,  400. 

Ball  Clay — Colloids  in,  439;  color  of,  439;  English,  440;  English  in 
earthenware  bodies,  118-119;  function  of  in  pottery,  438;  in  sani- 
tary ware,  119. 

Barium  Carbonate — To  overcome  scum,  794. 

Barium — In  glass,  370;   replacing  lead,  371. 

Basicity — Of  boro-silicatea,  689;   not  indicated  by  lead  chromate,  705. 

Bates,  P.  H. — Analysis  of  flre  bricks,  345. 

867 
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Batting   Machine — For  boiie  china,   J78. 

Binns,  C.  F. — A  plea  for  hone  china,  175;  on  function  of  boron  in 
glazes,  132. 

Bitstone — 450. 

Black   Foot — In  bone  china,  181. 

Eleininger,  A.  V. — A  study  of  the  vitrification  range  and  di-electric 
behavior  of  some  porcelains,  628-675.  Behavior  of  fire  bricks  under 
load  at  high  temperatures,  337.  Note  on  the  preheating  of  clays, 
504.  Relation  between  the  porosity  and  crushing  strength  of  clay 
products,  564-584;  and  H.  H.  Clark — Note  on  viscosity  of  clay 
slips  as  determined  by  the  Clark  apparatus,  383. 

Body  Stain — In  pottery,  443. 

Bond  Clays — Improvement  of,  363. 

Bone  Ash— In  bone  china,  184. 

Bone  China — A  plea  for,  175;  "black  foot"  in,  181;  brown  spot  in,  182; 
constitution  of,  175;  decorating,  181;  placing  for  biscuit  firing,  179; 
placing  for  glost  firing,  180;   straightening  the  biscuit  of,  180. 

Borax — Analysis  of,  156;   in  glazes,  448. 

Boric  Acid — Analyses  of,  447;  brown,  448;  different  kinds  of,  455; 
impurities  in,  460;  troubles  with,  459;  white,  447. 

Boric  Oxide — As  a  flux,  322;  function  of  in  glaze,  129,  132;  functions 
as  alumina,  140;  fused,  as  a  solvent,  134;  its  influence  upon 
crazing,  135,  323;   series  of  glazes  containing,  130. 

Boron — In  artificial  silicates,  701;  in  enamel,  determination  of,  153; 
in  glaze  formula,  676-710;  its  influence  upon  cobalt  blue  glazes, 
683;  its  influence  upon  color,  707;  its  influence  upon  green  and  red 
glazes,  686;  its  influence  upon  turquoise  glazes,  685;  similarity  to 
alumina,  677. 

8oro-siiicates — Acidity  and  basicity  of,  689. 

Brick — Sand-lime,  flre  tests  on,  83-89. 

Brick  Drying — Air  volume  for,  418;  from  an  engineering  standpoint, 
392. 

Brlquetting — Of  fuels,  69-82;  advantages  of,  80-82;  binders  used  in,  73- 
75;  cause  of  failure  and  requirements  for  success  in,  70;  drying  of 
fuel  for,  75-77;  presses  for,  77-80;  reasons  for,  70-72;  with  binders, 
73-75;   without  binders,  75. 

Brown,  G.  H. — A  method  of  testing  clays  for  paving  bricks,  265.  Be- 
havior of  fire  bricks  under  load  at  high  temperature,  337. 

Brown  Spot — In  bone  china,  182 

Drown   Ware — In  white  ware,  299. 

Bryce,  Chalmer — Effect  of  titanic  oxide  upon  the  point  of  defoi'mation 
of  clays,  533. 

Calcium  Oxide — In  enamel,  determination  of,  148. 

Casting  Process — Effect  of  reagents  upon,  800-801. 

Ceramic  Education — Some  problems  in,  207-221;  discussion  of,  221-225. 
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Chemical  Changes  in  Clays — Through  heating,  226;  below  1000  de- 
grees, 227;  method  of  investigation  of,  227. 

Chemist  and   Giass  Manufacturer — 156-196. 

Cheney,  Merritt  B. — The  limits  of  composition  of  enamels  for  cast 
iron,  543-547. 

China  Clay — Color  of,  444;  in  glazes,  444;  its  function  in  pottery,  440; 
mica  in,  440.  441;  sand  in,  441:  shrinkage  of,  442. 

Chromium-Tin  Pinks — Permissible  variation  in  composition,  517-528; 
variation  of  chromium  In,  518;  behavior  in  washing  process,  520; 
loss  due  to  extraction  of  soluble  salts,  523;  tints  obtained  in,  524. 

Claflin,  W.  N.— Matt  glazes,  536-543. 

Clark,  H.  H. — and  A.  V.  Bleininger — Apparatas  for  determining  viscos- 
ity of  clay  slips,  383. 

Ciays — Colloids  in,  560;  dry  screening,  analysis  of,  268;  improvement 
of,  by  chemicals,  802-804;  physical  composition  of,  560;  tempering 
of,  268;  water  in,  269;  flint,  362. 

Clearfield  Co.,  Pa.,  Flint  Fire  Clay — Data  obtained  in  burning,  245; 
temperature-shrinkage  curve  of,  246;  temperature-porosity  curve 
of,  247;    temperature-specific  gravity  curve  of,  246. 

Clearfield  Co.,  Pa.,  Plastic  Fire  Clay — Behavior  under  fire,  252;  data 
obtained  in  burning,  253;  temperature-porosity  curve  of,  254;  tem- 
perature-shrinkage curve  of,  253;  temperature-specific  gravity 
curve  of,  254. 

Clouded  Glass— 187,  194. 

Coagulation  of  Clays — Reagents  effecting,  789. 

Coal — Temperature  produced  in  kiln  by,  93-113;  Texas  No.  2,  heat 
calculation  of,  95-96. 

Coal  Tar  Pitch — As  a  binder  for  briquetting  fuels,  74. 

Cobalt — In  enamel,  determination  of,  152. 

Cobalt  Oxide — Analysis  of,  171;   impurities  in,  443. 

Cobalt   Blue  Glazes— 683. 

Coefficients  of  Expansion — 322. 

Compression  Test — Of  bricks,  85. 

Colloids — Application  of  theory  of,  792;  efficiency  of  alkalies  in  remov- 
ing, 796;  effect  on  mechanical  analysis,  795;  in  clay,  560,  768-817; 
in  china  clay,  444;  in  fats  and  soaps,  768;  solubility  of,  768;  theory 
of,  769. 

Colors — In  pottery  materials,  450. 

Contraction  of  Magmas — In  solidifying,  324;   causes  crazing,  324. 

Co-operation — A  plea  for,  614-620. 

Cornwall  Stone — Composition  of,  438;  in  bone  china,  176;  its  use  as  a 
flux,  438. 

Cowan,  R.  G. — Some  problems  in  ceramic  education,  207-221. 

Cracking — A  function  of  expansion,  138;  cause  of  and  remedy  for,  764. 
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Crazing — Of  glazes,  131;  cause  of,  322;  its  relation  to  boron,  135;  of 
crystalline  glazes,  138;  of  enameled  iron,  323;   of  enamels,  718. 

Crucibles,  Scorifiers  and  Muffles — Burning  of,  66,67;  chemical  and  phy- 
sical requirements  of,  54,  55;  clays  used  for,  56,  57;  drying  of,  66; 
graphite,  67,  68;  manufacture  of,  51-68;  methods  of  making,  59-65; 
number  of  plants  making,  54;  preparation  of  clays  for,  57-59. 

Crushing  Strength — Of  clay  products,  56+-584;  relation  to  absorption, 
574-578;  of  terra  cotta  in  relation  to  .nbsorptiou,  90-92. 

Curves— Settle,  230,  231;   specific  gravity-temperature,  229,  230. 

Cryolite — Analysis  of,  168. 

Day  on  Viscosity — 338. 

Decorating   Bone  China — 181. 

Deflocculation  of  Clays — Chemicals  used  in,  782. 

Dehydrated  Clay — Minerals  in,  263; — see  also  Ignited  Clay. 

Di-electric   Behavior  of   Porcelains — 067. 

Dipping — Enameled  bricks,  714,  718;   machine,  719. 

Dirty  Ware — In  white  ware,  299. 

Distortion — In  pottery,  cause  of,  453. 

Doelter  on  Viscosity — 338. 

Dolomite — In  body,  534;  in  glaze,  535;   substitute  for  whiting,  534-536. 

Drier — Double  deck,  to  increase  capacity,  404;  in  paving  brick  plant, 
403;  losses  in,  404;  proper  procedure  in  building,  329;  temperature 
in  main  duct  of,  404;  time  required  to  dry  bricks  in,  404. 

Drier,  Double-Decked — Admission  of  air  into,  411;  anemometer  tests 
in,  410;  data,  420,  422;  duct  system  for,  408;  elevation  of  bricks 
into,  407;  fan  equipment  for,  409;  for  brick,  392;  temperatures  in, 
426,  427,  428,  429;  waste  heat  ducts  for,  413,  416. 

Drier,  Waste-Heat — Fans  for,  394;  hot  air  inlets  for  tender  clay,  412. 

Ducts — Area  of  under  ground,  416;  construction  of,  417;  for  waste  heat 
driers,  397,  413,  416;  outlet  from  kilns  into,  416;  proper  design  for 
efficiency,  401. 

Dunting— Appearance  of,  296;  cause  of,  295,  302,  303;  cure  for,  296. 

Dust-Pressed  Wares — Effect  of  plasticity  on,  196;  lamination  in,  198; 
machine  for,  200;  manufacture  of,  196-204;  preparation  of  mixes 
for,  196;   pressing  qualities,  197. 

Larle,  W.  P.— Matt  glaze  at  cone  7-8,  531. 

Earthenware — American  bodies  for,  poorly  ground,  121;  comparison 
between  American  and  English  bodies,  114-123;  cones  to  which 
American  and  English  are  fired,  114;  English  ball  clay  in,  118-119; 
formulas  for,  116-117;  glaze  in  American  and  English,  122;  grading 
of,  307;  old  English,  115-116. 

Eleod,  Kende — Comparison  of  American  and  English  earthenware, 
114-123. 

Elutriation   vs.   Sedimentation — 798. 

Enamels  on  Sheet  Steel — Agencies  destroying,  463;    baich  equivalents 
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of,  475,  476,  477;  burning,  47S;  effect  of  temperature  change  on, 
480;  equivalent  formulae  of,  472,  473,  474;  formula  selected  for, 
469;  fritting,  477;  grinding,  477;  kinds  of  tests  of,  464;  materials 
used  in,  468;  preparing  special,  477;  properties  of,  464;  proposed 
solubility  test  for,  487;  series  of,  470,  471,  472;  slushing,  477;  solu- 
bility of,  in  acids,  480,  484;  specially  prepared  for  test,  468;  testing 
of,  463-478. 

Enamels  for  Cast  Iron — 543-547;  limits  of  composition  of,  543;  for 
sheet  steel,  545. 

tnamel  Brick — Automatic  veneering,  719;  clays  suitable  for,  711;  de- 
fects in,  715;  dipping,  714;  flaking  of,  717;  methods  of  manufac- 
ture, 712-722;    setting,  721;    slips,  722-767 

Enamel — Containing  fluorine,  145;  materials,  analysis  of,  144;  methods 
of  analysis  of,  144;   sampling,  145. 

Engobe  and   Glaze — 528-531. 

Ernest,  T.  R. — Fire  tests  on  sand  lime  bricks,  83-89. 

Eutectic  Mixture — 847. 

Fackt,  Geo.  P. — Range  in  composition  of  an  engobe  and  glaze,  528-531. 

Fans — Data  of,  421,  423;  efficiency  of,  395;  lor  double-decked  drier, 
409;  for  driers,  394;  Giubal,  394;  Sirroco,  394;  speed  of,  395; 
standard  wheel,  394. 

Farnham,  D.  T. — Brick  drying  from  an  engineering  standpoint,  392- 
432. 

Feldspar — See  also  spar, — in  bone  china,  176;  in  glass.  336;  in  matt 
glazes,  540;  its  influence  vipon  Avarpage.  S19;  viscosity  of,  819. 

Fire  Bricks — Analysis  of,  348;  behavior  at  high  temperature,  368; 
fluxes  in,  360;  of  flint  and  bond  clay,  362;  of  single  clays,  360; 
physical  tests  of,  349;  porosity,  how  determined,  345;  softening 
temperature,  how  obtained,  345;  specific  gravity  of,  346;  under 
load  conditions,  337,  341;   water  absorption  of,  346. 

Fire  Clays — See  flint  fire  clays,  also  plastic  fire  clays,  also  Clearfield 
County. 

Flaking — Cause  of  and  remedy  for,  763,  764;   of  enameled  brick,  71S. 

Flemish  Ware — Relief  decorations  on,  531;   production  of,  531-532. 

Flint  Fire  Clays— Clearfield  Co.,  Pa.,  245;  McKeesport,  Pa.,  242;  Min- 
eral City,  O.,  250;  Olive  Hill,  Ky..  232;  Portsmouth,  O.,  240;  Sav- 
age Ml.,  Md.,  247. 

Flint — Analysis  of,  157;  grinding  of,  434;  influence  of  size  of  grains. 
452;   iron  in  ground,  433;  testing  color  of,  435. 

Fluorescence — Definition  of,  137. 

Fluorine — In  enamel,  determination  of,  145;  in  iluorspar,  determina- 
tion of,  170. 

Fluorspar — Analysis  of,  169. 

Fluxes — In  fire  bricks,  360,  361. 

Freezing — Effect  of,  upon  clay,  515. 
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French   Rolling  Table — For  bone  china,  178. 

Frink,  R.  L. — Barium  in  glass,  370  375.  Requisite  properties  of  glass 
for  mechanical  manipulation,  585-613. 

Fuels— Briquetting  of,  69-82. 

Fuller's  Earth— 804. 

Furnace — For  viscosity  tests,  340,  342. 

Fusion  Point— Of  clay,  33S. 

Galpin,  S.  L. — Effect  of  varying  sizes  and  percentages  of  quartz  grains 
upon  porosity  and  shrinkage  of  kaolin,  548-563. 

Garve,  T.  W. — and  Ellis  Lovejoy — Kiln  temperatures  from  coal  and 
producer  gas,  93-113. 

Gases — Thermal  capacity  of,  per  molecular  volume,  table  of,  95. 

Gelstharp,  F. — Heat  balance  of  a  plate  glass  furnace,  621-628;  reply 
to  "Alumina  in  Glass,"  329;  reply  to  "Fallacies  and  Facts  in  Glass 
Manufacture,"  327. 

German  Glass  Pot  Clay — Data  obtained  in  burning,  259;  temperature- 
porosity  curve  of,  261;  temperature-shrinkage  curve  of,  260;  tem- 
perature-specific gravity  curve  of,  260. 

Gibson,  Millard   F.- — Color  series  for  matt  glazes  at  cone  2-4,  533-534. 

Glass   Manufacturer  and   Chemist. — 186. 

Glass — Barium  in,  370;  density  of,  587;  factor.-:  in  mechanical  manipu- 
lation, 585;  homogeneity  of,  586;  magnesia  in,  607;  materials,  da- 
composition  of,  622;  melting  of,  624;  properties  of,  585-613;  tem- 
perature of  fluid,  587;   viscosity  of,  586. 

Glass  Furnace — Heat  balance  of,  621-628;  heat  evolved  in,  628;  heat 
in  vv^aste  gases,  625;  radiation  from,  628;  regenerators  for,  626. 

Glass  Pots — Temperature  of,  621. 

Glass  Pot  Clay— 259. 

Glaze — Analogy  to  zeolites,  704,  705;  and  engobe,  528-531;  cobalt  blue, 
683;  fritted,  law  of,  140;  for  bone  china,  179;  opalescence  in,  129; 
ropey,  297;  turquoise  blue,  685;  weight  of,  dependent  on,  297; 
white  ware,  129. 

Glost  Losses — Cause  of  in  biscuit  state,  294,  298;  due  to  poor  dipping, 
297;  in  crooked  ware,  296;  in  earthenware  industry,  294;  stages 
in,  294;  through  aired  ware,  299;  through  breakage,  SOI;  through 
brown  ware,  299;  through  dirty  ware,  299;  through  faulty  under- 
glaze  printing,  298;  through  reducaion  of  lead,  301;  through  stuck 
ware,  300;    through  sulphuring,  300. 

Glost  Ware — Grades  of,  295. 

Gum  Tragacanth — In  clay  wares,  199,  204. 

Gums — In  dust  pressed  wares,  199;   method  of  introducing,  199. 

Grady,  R.  F. — Relation  of  absorption  to  the  crushing  strength  of  terra 
cotta,  90-92. 

Graphite— Crucibles  of,  67,  68. 
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Greaves-Walker,  A.   F. — The  manufacture  of  crucibles,  scorifiers,  and 

muffles,  54-68. 
Greiner — On  viscosity,  338. 
Grinding  Flint — For  pottery,  434;   in  ball  mill,  434;   in  drag  mill,  434; 

uniformity  of,  434. 
Grinding — Wet  or  dry,  121. 
Grunwald,  J. — Test  for  lead,  1.54. 
Heat — Effect  of,  on  clays,  337. 
Heat  Balance — Of  a  plate  glass  furnace,  621-628. 
Heating    Giays — Chemical    and    physical    changes    occasioned    by,    226, 

233,  234,  235;   temperatures  in,  how  determined,  228. 
Heat  Losses — In  kilns,  104,  105. 

Hope,   Herford — Some  notes  on  pottery  moulds,  494. 
Hornblende — In  feldspar,  436. 
Humidity — In  western  Washington,  427. 
Iron — Effect  of,  on  ware,  433;   in  enamel  determination,  117;    in  sand 

for  pottery,  433;    specks  in  bone  china,  177;    specks  in   flint  and 

spar,  177;    stains  in  bone  china,  177. 
Ignited    Clay — Behavior    under    steam    pressure,    233;     behavior    with 

lime   and   water,    232;    effects   of   chemical   reagents   on,   233;    hy- 
draulic properties  in,  232-234:   specific  gravity  of,  233,  234. 
Joint  Glay — 515. 

Kerosene — In  dust  pressed  wares,  200. 
Keyser  Process — 322. 
Kiln  Temperatures — From  coal  and  producer  gas,  93-113;   from  Texas 

lignite,   No.   2,   table  of,   108. 
Kiln— For  laboratory  tests,  124-128. 

King,  Arthur  F. — Substitution  of  dolomite  for  whiting,  5.'',4-536. 
Kjeldahi  Method — For  nitrogen,  166. 
Knote,   J.    M. — Some   chemical   and   physical   changes   in   clays  due  to 

heat,    226;    and    R.    T.    Stull,~New    type    of    laboratory   test    kiln, 

124-128. 
Laboratory  Tests — Of  paving  bricks,  265-275. 
Laboratory— Test   kiln   for,   124-128. 
Landrum,   Robt.   D. — Methods  of  analysis  for  enamel  and  enamel  raw 

materials,  144-174. 
Lead   Compounds — In  glazes,   445. 
Lead — In  enamel,  test  for,  154. 
Lime  Compounds — In  pottery  work,  445. 
Lime — Its  influence  upon  warpage,  823-824. 
Limestone — In  glass  manufacture,  327. 
Lovejoy,    Ellis — and    T.   W.   Garve — Kiln   temperatures   from   coal   and 

producer  gas,  93-113. 
Lung    Nitrometer — 167. 
Luyeres,   V.  de — Sampling  enamels,   Ho. 
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McKeesport  Flint  Fire  Clay — Data  o])tained  m  burning,  243;  tempera- 
ture-porosity curve  of,  2H;  temperature-shrinkage  curve  of,  243; 
temperature-specific  gravity  curve  of,  244. 

McKeesport  Plastic  Fire  Clay — Data  obtained  in  burning,  257;  struc- 
ture of,  257;  temperature-porosity  curve  of.  259;  temperature- 
shrinkage  curve  of,  258;  temperature-specific  gravity  curve  of,  258. 

Magnesia — In  enamel,  analysis  of,  148:  in  glass,  327,  335:  its  influence 
upon  vitrification  range,  822;  its  influence  upon  warpage.  822,  82.". 

Magneting — Flint,  179;  to  remove  iron,  177. 

Malachite  Green — Adsorption  of,  506. 

Manganese — In  enamel,  determinati(m  of,  147,  150. 

Matt  Glazes — At  cone  7-8,  531;  at  cone  2-4,  533;  colors  i'or,  5:^3-534; 
influence  of  alumina  on,  536;  influence  of  oxygen  on,  536;  influ- 
ence of  RO  on,  537. 

Mayer,  Arthur  E. — Glost  losses  and  their  cori'ection.  294-305. 

Mayer,   E. — A  plea  for  co-operation,  614-620. 

Mechanical — Analysis  of  clays,  795;  deflocculation,  797;  elutriation  vs. 
sedimentation,  798. 

Mellor,    Dr.— 182. 

Mica — As  a  flux,  820;  in  china  clay,  440;  in  feldspar,  436;  its  action 
upon  viscosity,  821;  its  influence  upon  warpage,  820. 

Mineral  City,  C,  Flint  Clay — Data  obtained  in  burning,  250;  tempera- 
ture-porosity curve  of,  252;  temperature-shrinkage  curA'e  of,  251; 
temperature-specific  gravity  curve  of,  251. 

Moore,  Bernard — 182. 

Moulds — See  pottery  moulds. 

Muffles,  Crucibles  and  Scorifiers — Burning  of,  66,  67;  chemical  and 
physical  requirements  of,  54,  55;  clays  used  for,  56,  57;  drying  of, 
66;  manufacture  of,  54-68;  method  of  making,  65;  number  of 
plants  making,  54;  preparation  of  clays  for,  57-59. 

Nitrogen — Determination  of,  166. 

Oil — In  dust  pressed  wares,  200. 

Olive  Hill  Flint  Fire  Clay — Analysis  of,  232,  237;  data  obtained  in 
burning,  238;  specific  gravity  of,  237;  structure  of,  237;  tempera- 
ture-porosity curve  of,  239;  temperature-shrinkage  curve  of,  238; 
temperature-specific  gravity  curve  of,  329. 

Olive  Hill  Plastic  Fire  Clay — Character  and  occurrence  of,  255;  data 
obtained  in  burning,  255;  temperature-porosity  curve  of,  257;  tem- 
perature-shrinkage curve  of,  256;  temperature-specific  gravity 
curve  of,  257. 

Opalescence  in  Glaze^Caused  by,  136;  definition  of,  137;  not  due  to 
crystallization,  134;    not  due  to  segregation,  134. 

Paving  Brick — A  method  of  testing  clays  for,  265;  conclusions  regard- 
ing m_ethod,  275;  need  of  laboratory  test  for,  266;  standard  rattler 
for,  266. 
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Paving   Brick   Plant — 402;   kibis  in,  402;   drier  for,  403. 

Pearl  Ash — Analysis  of,  164. 

Pence,   Forrest    K. — On  the  determination  of  hydrated   silicic  acid  in 

clay,  43-53. 
Pinholing — Cause  of  in  bone  china,  183;    caui:e  of  and  remedy  for  in 

enameled  bricks,  763;  in  bone  china,  ISO;  in  enameled  bricks,  71."). 
Pins — 450. 

F-hillips,  A.  J. — Analysis  of  fire  bricks,  345. 
Physical  Changes — In  clays  through  heating,  226;  below  1000  degrees, 

227;   duration  of  heat  treatment,  236;  in  fire  clays,  236;  method  of 

investigation,   227;    procedure   to   determine,   236;    tests  for,   after 

burning,  236. 
Physical   Tests — Of  fire  bricks,  349. 
Plaster   of   Paris — 451. 
Plastic    Fire   Clays — Clearfield   Co.,   Pa.,   252;    German  glass   pot   clay, 

259;    McKeesport,  Pa.,  257;    Olive  Hill,  Ky.,  255. 
Plasticity — In    bone    china    mixes,    177;    influence    of    sols    and    gels 

upon,  801-802;   water  required  for,  826. 
Phosphoric  Oxide — In  enamels,  determination  of,  154. 
Porcelain — Fire  clay,  309;  solid,  309;  vitrification  range  and  di-electrie 

behavior  of,  628-675. 
Pore   Water — 508. 
Porosity — Formula  for,   835;    how   determined,   835:    of  clay  products, 

564-584;  of  clay  tiles,  835;  of  fire  bricks,  determination  of,  345;  of 

kaolin,  relation  to  quartz  content,  548-563;    of  porcelain  mixtures, 

657-661. 
Portsmouth,  C,  Flint  Fire  Clay — Data  obtained  in  burning,  240;   tem- 
perature-porosity curve   of,   242;    temperature-shrinkage   curve  of, 

241;   temperature-specific  gravity  curve  of,  241. 
Pottery   Materials — Boric  acid,  446;    effect  of  grinding  on,  452;    body, 

433;  for  glazes,  445;   lead  compounds  in,  445;   lime  compounds  in, 

445;  requirements  of,  433;   tin  oxide,  447;   tools  for  handling,  434; 

zinc  oxide,  446. 
Pottery     Moulds — Some    notes    on,    494;     cast,    499;     for    flat    ware, 

496;    for  hollow   ware,   498;    handle,   501;    jiggered,   496;    keeping 

account  of,  494;   life  of,  497,  498,  499,  500:    pressed,  500;    several 

part,  499;   single  part,  4.^8. 
Pottery  Plaster — 495. 
Presses — For  briquetting  fuels,  77-80. 
Preheating    Clays — Efl'ect    upon   adsorption,    506;    effect    upon    drying. 

513;    effect    upon    shrinkage    and    pore    water,    508;    effect    tipou 

surface  factor,  506. 

Pressure    of    Aii — In    drier    ducts,    399;    formula    for,    400;    how    ex- 
pressed, 400. 
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Producer  Gas — Economy  of,  over  direct  coal  firing,  110:  from  Texas 
lignite  No.  2,  table  of  kiln  teniperarures,  102;  in  periodic  kilns, 
108;  temperature  from,  in  kilns,  93-113. 

Pugging  Clay — Notes  on,  376;  kneading  without  tearing,  380;  methods 
in  France,  379;  putty  mixers  for,  381;  through  rolls,  377. 

Pug  Mill — For  bone  china  body,  177;  nose,  sketch  of,  376. 

Purdy,  Ross  C. — Extracts  from  investigations  by  students,  517-547; 
discussion  of  colloids,  814-816;    on  viscosity,  338. 

Pycnometer— 228,  825. 

Pyroluslte — Analysis  of,  162. 

Quartz — Analysis  of,  157;   function  of,  in  pottery,  434. 

Radcliffe,  B.  S. — and  R.  T.  Stull — Opalescence  and  the  function  of 
boron  in  the  glaze,  129-140. 

Ramsay    Patent — Veneering  machine,   719. 

Rattler — In  laboratory  tests,  270;  loss  in  vs.  absorption,  273;  standard- 
izing, 270,  271. 

Rea,  A.  S. — Cliromium-tin-pinks,  517. 

Reagents — Preparation  of,  for  colloid  investigation,  808. 

Ries,  Dr.  H. — and  S.  AV.  Allen — Relation  t«etween  tensile  and  transverse 
strength  of  clays,  141. 

Roofing  Tile  Clays — Shrinkage  of,  827;  specific  gravity  of,  825;  warp- 
age  of,  818-866;    water  for  plasticity,  826. 

Sagger  Clays — Classification  of,  289;    colloids  in,  769-777. 

Sagger  Making — Cost  of,  205;  German  press  for,  206;  notes  on,  205; 
press  used  in,  205. 

Sagger  Materials — 448. 

Sagger  Mixes — Containing  bitstone  or  crushed  earthenware,  281,  282; 
containing  fire  clay,  283;  containing  sand,  281;  containing  various 
materials,  284,  285,  286,  287;  Cramer's  tests,  290;  testing  of,  277; 
tests  of  single  clays  for,  279,  280. 

Saggers — Failure  of,  277. 

Salt  Cake — In  plate  glass  manufacture,  327;  reaction  of,  with  sand,  328. 

Saltpeter — Analysis  of,  165;  Chilli,  analysis  of,  165. 

Sand — Flint  and  quartz,  analysis  of,  157;  for  plate  glass,  327;  for 
placing  ware,  449;  wet,  in  glass  mixes,  335. 

Sand-Lime  Brick — Compression  test  on,  85;  fire  test  on,  83-89;  method 
of  averaging  results  of,  85;  transverse  test  on,  85;  conclusions  on, 
89;   discussion  of  results,  86-89. 

Sanitary  Plumbing  Ware — English  ball  clay  in,  119;  grading  of,  306; 
tests  of,  310,  311,  312;  trade  names  of,  306. 

Savage  Mt.,  Md.,  Flint  Fire  Clay — Data  obtained  in  burning,  248;  tem- 
perature-porosity curve  of,  249;  temperature-shrinkage  curve  of, 
248;  temperature-specific  gravity  curve  of,  249. 

Scorifiers,  Crucibles  and  Muffles — Burning  of,  66,  67;  cliemical  and 
physical  requirements  of,  54,  55;   clays  used  for,  57-59;   drying  of, 
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66;    manufacture    of.    .j4-68;    methods    of   making,    65;    number   of 
plants  making,  54;   preparation  of  clays  for,  57-59. 

Schultze    Elutriating   Apparatus — 441. 

Scum — Prevention  of,  794. 

Sedimentation  vs  Elutriation — 798. 

Setting — Enameled  bricks,  721. 

Shaw,  J.  B. — Testing  sheet  steel  enamels,  463-493. 

Shivering — Of  iron  enamels,  325. 

Shrinkage — Formula  of  volumetric,  550;  of  kaolin,  relation  to  size  and 
content  of  quartz  grains,  548-563;  of  roofing  tile  clays,  827-830; 
water,  508. 

Silica — Dissolved  by  water,  797;  in  enamel  determination,  147. 

Silicic  Acid — Causes  abnormal  shrinkage  and  early  vitrification  of 
kaolins,  43;  colloidal  forms  of,  45;  hydrated,  determination  of  in 
clay,  43-53;  tendency  toward  cracking  and  increased  translucency, 
43;   preparation  of,  46. 

Silicates — Action  of  alumina  &nd  boron  in,  701;  artificial,  701;  crystal- 
lized, production  of,  690. 

Sillimanite— 234. 

Silverman,  Alexander — The  chemist  and  the  glass  manufacturer,  186- 
195;  discussion  of  ceramic  education,  224. 

Simcoe,  George — Additional  notes  on  pugging  clay,  376-382.  Additional 
notes  on  sagger  making,  205-206; — and  A.  E.  Smith—Manufacture 
of  dust  pressed  wares,  196-204. 

Singer,  F.  G. — Concerning  the  position  of  boron  in  the  glaze  formula, 
676-710. 

Sliphouse  Water — Soluble  salts  in,  805. 

Slips — Causes  of  defects  in,  763,  764;  remedies  for  defects,  763;  for 
enameled  bricks,  722-767;    for  stoneware,  764. 

Smith,  Albert  E. — and  George  Simcoe — Manufacture  of  dust  pressed 
wares,  196-204. 

Soda  Ash — Analysis  of,  164;  in  plate  glass,  327. 

Soda — Aluminate,  332;  in  plate  glass,  327. 

Spar — Commercial  composition  of,  454;  effect  of  fine  grinding,  437, 
453;  impurities  in,  436;  its  function  in  pottery,  436;  kind  used  by 
potters,  435;  melting  points  of,  435,  436,  437;   silica  in,  436. 

Specifications — Governing  building  bricks,  565;  for  testing  bricks,  by 
the  American  Society  for  Testing  Materials,  85. 

Specific  Gravity — At  various  temperatures,  228;  curves,  229,  230;  cause 
of  changes  in,  231;  bottle,  228,  825;  of  clays  investigated,  232;  of 
clays  when  heated,  227;  how  determined,  228;  of  clays,  504;  of 
fire  bricks,  346;  of  kaolin,  formula  for,  551;  of  porcelain  mixtures, 
661-667;  of  roofing  tile  clays,  825;  determination  of,  826;  of  burned 
tiles,  831;  formula  for,  832. 
Spotted   Mirrors — Cause  of,  191. 
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Staley,   H.   F. — Crazing  of  glazes  and  glasses,  322. 

Steel  Plate — For  enamel  ware,  173. 

Stover,  E.  C. — Discussion  of  ceramic  education,  221. 

Stilts— 450. 

Slormer  Viscoslmeter — 383;    defects  in,  383. 

Straightening   Bone  China   Biscuit — IS. 

Stuck  Ware — In  white  ware,  due  to,  300. 

Stull,   R.   T, — Manufacture  of  enamel   bricks,  711-767;    and  B.   S.  Rad- 

clifte — Opalescence  and  the  function  of  boron  in  the  glaze,  129-140; 

and  J.  M.  Knote — New  type  of  laboratory  test  kiln,  124-12S. 
Sulphates— In  glass,  330,  334. 
Sulphur — In   glass,   373. 
Sulphuring— AVhite  ware,  300,  305. 
Superintendent  vs.  Chemist — 192. 
Technical — High  school,  216;   school,  208. 
Temperature — Of  kilns  from  coal   and   producer  gas,   93-113;    relation 

of  to  absorption,  271. 
Tensile  Strength — Of  clays,  141. 

Terra  Cotta — Relation  of  absorption  to  crushing  strength  of,  90-92. 
Testing  Ciays — For  paving  bricks,  265. 

Test   Kiln — For  laboratory,  124-128;   burners  for,  127;   method  of  con- 
struction of,  125;   temperatures  in,  128;   variation  of  heat  in,  128. 
Test  Pieces — For  abrasive  tests,  shape  of,  268;   burning,  269;    drying, 

269;   machining,  269;   preparation  of,  268;   porosity  of,  269;   water 
"in,  269. 
Tests — Of  building  bricks,  565;  absorption,  566,  574;  compression,  565; 

freezing  and  thawing,  566;  of  brick  on  edge,  567,  568,  573;  of  brick 

on  the   flat,   566,   568;    of  stiff  mud   bricks,  569;    transverse,   565; 

fire,  on  sand  lime  bricks,  83-89;   of  bricks,  85. 
Thermal  Capacity — Of  gases  per  molecular  volume,  table  of,  95. 
Thermo-Chemical   Reactions — Table  of,  94. 
Tin — In  enamel,  determination  of,  150. 
Tin    Oxide — Analysis   of,    160;    function   of   in   glazes,   447;    impurities 

in,  460. 
T/tanium — In  enamels,  clays  and  silicates,  158. 
Titanium  Oxide — Effect  of,  on  point  of  deformation  of  clay,  533. 
Torque — As  a  measure  of  plasticity,  338,  390. 
Tourmaline — In  feldspar,  436. 
Trade  School— 208,  213. 

Transverse  Strength — Of  clays,  141,  142;   methods  of  testing,  142. 
Transverse  Test — Of  brick,  85. 
Turquoise    Blue   Glazes — 685. 
Velocity — Of  air  through  drier  ducts,  398. 
Viscoslmeter — Clark's,   383;    description   of   Clark's,   384;    operation   of 

Clark's,  386;    Stormer's,  383. 
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Viscosity— Function  of,  in  clays  subjected  to  laeat,  338;  of  various  mix- 
tures, 338;  of  silicates,  338;  temperature  curve,  339;  of  clay,  818; 
effect  of  alumina  upon,  821;  effect  of  magnesia  upon,  823;  effect 
of  mica  upon,  820;  relation  to  warpage,  818;  of  clay  slips,  383; 
curves,  389;  curves,  irregularity  in,  390;  effect  of  dissociation  on, 
391;  effect  of  size  of  molecules  on,  390;  effect  of  strength  of  solu- 
tions on,  390;  of  English  ball  clay,  390;  of  Pike's  ball  clay,  390; 
of  North  Carolina  ball  clay,  390;  of  Tennessee  ball  clay,  390: 
relation  to  plasticity,  384;  of  glass,  586;  influence  of  salt  cake 
upon,  606;  measurements  of,  in  glass,  586;  in  glaze  manufac- 
ture, 539. 

Vitreous  Ware — China,  307;  earthenware,  307;  heavy,  308;  semi  308; 
solid,  309;  Webb,  309;  test  of,  310,  311,  312;  specifications  for,  311. 
312;  specifications  for,  ware,  311. 

Vitrification — Correlation  of  rate  of,  with  toughness,  265;  curves  of, 
272,  273,  274;  heat  range  of,  265;  ho\v  measured,  265;  range,  265; 
relation  of  heat  treatment  to  brittleness  in,  265;  relation  of  poros- 
ity and  temperature  to,  266. 

Vitrification  Range — Of  Englibh  China  clay,  649,  655;  of  Georgia  kao- 
lin, 648,  652;  of  porcelains,  628-675;  of  N.  C.  Kaolin,  649,  653;  of 
Tenn.  ball  clay,  649,  652. 

Vogt — On  viscosity,  338. 

Vondracek,  Von  R. — Enamels  for  cast  iron,  543. 

United   States   Potters'  Association — 614. 

Wadsworth,  Dean  U,  of  Pa. — Discussion  of  ceramic  education,  223. 

Ward,  S.  P. — Production  of  Flemish  ware,  531. 

Warpage — Of  roofing  tile  clays,  818-866;  a  function  of  vitrification, 
859;  how  measured,  845;  influence  of  alumina  upon,  821-822;  in- 
fluence of  feldspar  upon,  819-820;  influence  of  lime  upon,  823-824; 
influence  of  magnesia  upon,  822-823;  influence,  of  mica  upon,  820- 
821;  method  of  testing,  839;  its  relation  to  shrinkage,  818,  852; 
its  relation  to  viscosity,  845,  846. 

Water  Gas  Pitch — As  a  binder  for  briquetting  fuels,  74. 

Waste  Heat  Drier— 393;  double-decked,  404;  duct  system  for,  408;  fan 
equipment  for,  409. 

Waste  Heat — From  kilns,  430;  method  of  removing,  480. 

Weelans,  Charles — Grading  white  ware,  306. 

White  Ware— Grading  of,  306;  standardizing,  314,  315. 

Whiting — In  body  and  glazes,  534-536. 

Worcester,  W.  G. — The  warpage  of  roofing  tile  clays,  818-866. 

Wright,  Charles  L.— The  briquetting  of  fuels,  69-82. 

Zeolites — Analogy  to  glazes,  704,  705;  artificially  produced,  690;  color 
of,  706;   formula  of,  693. 

Zimmer,  Dr. — Boron  as  a  base,  132. 

Zinc  Oxide — Brands  of,  455;   experiments  of  in  glazes,  461;   grades  of, 
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446;    how  graded,   458;    in  glazes,   456,   437,   458;    in  earthenware 
glazes,  121. 
Zinc — In  glass,  372. 
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